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NOTICE 


When  Govenunent  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a  definitely 
Government -related  procurement,  the  United  States  Government 
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that  the  Government  may  have  formulated  or  in  any  way  supplied 
the  said  drawings,  specifications,  or  other  data,  is  not  to  be 
regarded  by  implication,  or  otherwise  as  in  any  manner 
construed,  as  licensing  the  holder,  or  emy  other  person  or 
corporation;  or  as  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  any 
way  be  related  thereto. 

This  technical  report  has  been  reviewed  and  is  approved  for 
publication  . 

FOR  THE  COMMANDER 

AARON  D.  BRINSON  William  H.  Cook 

Technical  Director,  Program  Manager 

Munitions  Division 


Even  though  this  report  may  contain  special  release  rights 
held  by  the  controlling  office,  please  do  not  request  copies 
from  the  Wright  Laboratory,  Armament  Directorate.  If  you 
qualify  as  a  recipient,  release  approval  will  be  obtained  from 
the  originating  activity  by  DTIC.  Address  your  request  for 
additional  copies  to: 


Defense  Technical  Information  Center 
Cameron  Station 
Alexandria  VA  22304-6145 

If  your  address  has  changed,  if  you  wish  to  be  removed  from 
our  mailing  list,  or  if  your  organization  no  longer  employs  the 
addressee,  please  notify  WL/MNMW,  Eglin  AFB  FL  32542-6810,  to 
help  us  maintain  a  current  mailing  list. 

Do  not  return  copies  of  this  report  unless  contractual 
obligations  or  notice  on  a  specific  document  requires  that  it  be 
returned . 
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SECTION  I 
INTRODUCTION 


Tliu  rqxirt  provide*  naer  instroeticme  for  the  final  version  of  the  EPIC  researdi  code. 

Section  n  provides  a  backgronnd  of  the  devdopment  of  the  EPIC  codes  and  also 
provides  some  of  the  kqrreforenoes.  Section  HI  summarises  the  new  featuraw  in  final 

version  of  EPIC  so  the  naers  of  previous  versions  can  decide  if  this  version  has  new 
capabOitiee  that  will  be  hdpfiil  to  them. 


Section  IV  provides  user  instructiona  and  it  represents  the  migority  of  this  report 


SECTION  II 
BACKGROUND 


Sosne  of  the  earlier  veraione  of  EPIC-2  and  EPIC-3  are  documented  in  References  1-6. 
Additional  referencee  to  various  material  models  and  computational  algorithms  are 
provided  throu^iont  the  report  The  1991, 1992  and  1994  versiona  of  the  EPIC  Research 
code  are  documented  in  References  7, 8  and  9. 

This  final  version  of  the  EPIC  Research  code  is  essentially  identical  to  the  1995  version. 
Also,  this  DTTC  report  is  essentially  identical  to  an  AUiant  Techsystems  report  ‘TJser 
Instructions  for  the  1995  Version  of  the  EPIC  Researdi  Code.” 


SECTION  III 

NEW  FEATURES  IN  FINAL  VERSION 


This  section  sununarizes  ^  new  features  that  are  available  in  the  final  version  of  the 
EPIC  Research  code.  These  features  have  been  added  to  the  1994  version. 

Bfaterials 

The  following  material-related  features  have  been  added. 

•  The  Rigendran,  Dietenberger,  Grove  (RDG)  model  for  strength  and  firacture  of  metals. 

•  A  Bodner-Partom  modd  option  for  strength  of  solid  materials. 

•  An  MTS  model  option  for  strength  of  solid  materials. 

•  Several  new  library  materials. 

Elements 

Two  new  elements  have  been  added. 

•  2D  shell  elements  with  bending. 

•  3D  brick  elements  (8-node  elements  with  constant  stress). 

Sliding  Interfaces 

The  primary  emphasis  continues  to  be  options  to  allow  the  sliding  interfaces  to  be  input 
in  a  more  straightforward  maimer.  The  following  sliding  interfoce  features  have  been 
added. 

•  A  completely  automatic  sliding  interface  option  for  2D  problems  involving  impact. 
Requires  minimal  sliding  input  data  firom  user.  Not  yet  available  for  explosive 
detonation  problems. 
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•  A  ocmipletely  automatic  sliding  interface  option  for  3D  impact  problems,  that  is 
mmilar  to  the  2D  option.  Searching  CPU  time  for  this  option  can  often  be  excessive, 
however,  and  this  option  may  not  be  practical  for  most  3D  problems. 

•  A  3D  boundary  option  for  symmetry  planes  that  contain  the  Z  axis. 

Bfiaoellaneoua 

Hie  following  miscellaneous  features  have  been  added. 

•  A  heat  conduction  option  for  ID  Cartesian  elements,  2D  triangular  elements,  and  3D 
tetrahedral  elements. 

•  Expanded  capabilities  for  providing  velocity  boundary  conditions  on  the  nodes. 
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SECTION  IV 
USER  INSTRUCTIONS 


This  auction  provides  user  instructionB  for  the  EPIC  Beseardi  code,  which  coneiste  of  a 
Preproceeeor,  Main  Routine,  Postprocessor  for  state  and  time  plots,  and  a  20  Rezoner.  The 
formulation  is  not  provided  here;  however,  most  of  the  basic  equations  are  identieal  to  those 
of  the  eaiiier  versions  (Referraces  1, 2, 3  and  4).  Additional  rrferences  are  induded 
throuf^out  the  remainder  of  this  report 

A  description  of  input  data  for  the  EPIC  Research  code  is  given  in  Figures  1  through  31. 
In  Figures  1  throu^  11,  the  page  numbers  of  the  descriptions  in  the  text  are  included  for 
each  card. 


7 


ieM0(MKilX.a.«1.4« 


I  r im^-m  r~r,m  r'n  r''Tm 


WTIWMLIMTACIlyt-llMCWWIONRXUlllW 
■UWCCOWI  >  B«IMTENM.IMTA 

PmiBCTtgtCMBll>TilW1OTECM»pPlttft>Mi 


VK«£ 


om.  nr.  e  omo  auRFACOi 


NOTATE  I  aUNT 


NOOtOAmCANMraNraOJGCIU-OGKMniMrailOIM 
■UNCCANDt  >  END* nmECTU  NODE  DATA 


TANOET  ECAUMHFTiNOrATE  CAND  OFMA  ma 


VtCMf  I  ZaCALE  T  JMiaHFT 


NOTATE  I  aiANT 


WOEOATACAHDamTANQET-OEaCnPTKMFOUjOWa 
aUHKCANOa  ENOaTANOET NODE  DATA 

ELBCNT  DATA  CANOa  RM  NNOJfiCTU  -  OEaCNPnON  FOlUNM 
aumtCANOA  i  ENDaraOJECTLEELEtCNTOATA 

aajBOOAncAm  ran  TANQET  -  oEacwpntM  FoiLowa 

atWaCCAHOS  ?  ENOaTANOET element oata 

aLENNO  anENFACE  OATACANoa  ran  Nats  >  o-OEacnPTKM  rauxMm 

NMAa  OONCENTNATEO  HAaa  CANOa  (■.  ax.  Fian 


oin,nnx 

tENVDUAL  NEaTNABCO  NOOEa  CANOa  -  FON  NFQ  .  0  (WN) 


T1428IM)26 

Rgurel.  Preprocessor  Input  Data 

TiaaaoN 

8 

PREP  (2  OF  S) 


D8ioii>T»iiioovroicttaMwiv)cwPHfitta.wK.yw<i 
I  WKT  I  wer  I  acT  |  ti5 


KDO  I 


VDO  I  a»  [•P.M 


wm«L<BocirrcARDpptwt 

I  WBWXff  I  PV/TDOT  I  PZDOT  |  TWBOOT  I  TOTDOT  I 


TOOT 


DTI 


•p.ss 


timo  VBOonv  neu>  ocFMmoN  CAMw  pFMua,  4ai 

I  ximooT  I  Y/nooT  |  zioor  j  lutaxn  \  TmooT  |  zawr  |  wt  |  te  |  m»i  |  ma~|  P.8S 
T14aMM»S 


Rgurel.  Preprocessor  input  Data  (Concluded) 


T142MD 


9 


CJMO  •  FOR  XNNnMOOOK  FNACIURi  HOOa  rmCT  .  1  on  q  (VMj4 


IMTL(20F4) 


llEOCWFnOMCMPWncnu^lFOlftCOMeiCTOOIJMWFUrOOTACBfcWAni 


GMO  •  ran  UIBI MOOB.  MMJT  MTA  PFMUOI 


T142B0-0271i 


FIgurt  2.  MattrM  Input  Data  (CondudMl) 


T1 


IS 


MU  mo  KMnON  OMD  ran  IMO  » to  OFMJ* 


mONOKIMnCMDnRIMO.I  0Rl1(tf104 


moNOMTOPmncMnRMmo-t  ORtaoFwxi 


mo  Nooc  mnaM  MVACE  CMO  ran  AX  .  1  iviojoi 


noo  Moocion  aunFACc  CARU  ran  AX  .  >  OF1M) 


NODE(20F9 


r.'  ^■ir'^ii.'.v.'urTmi 

t!.'  ■'•lfr?^l.'.V.'iJr7r71IJ.»B^^XI 


ISSSSSSSSScScSSI 


■l.l■UJ■UJJ■■h...L.mM.l.^il.l. 


|f."  '! -irTmi'  J.'.ilff!?!71 

SS5 


XI 

Y1 

Z1 

C33IS3C2S1E331 


30CiKlZaSi9C<EZ]Ni9(K!B3i^l 

>.l|JI:.l:.':IJimj 


NOTE:  FMR.OBEQMRAONC«M>«MTHR(1) 


PATRAN  NOOE  CMO  0«| 


vacAiE  I  acAU  i  xmMrr 


T1428(M)» 


Rgure  3.  Node  Input  Data  (Concluded) 


T14280M 


T142aOM 


16 


SLIDE  (2  OF  2) 


T14280M 


18 


I 


hestart  OEScnpnoN  CARO  (ZB,  A7q 
I  TYPE  I  CAAE  I 

TME  MTBMATXM  CARO  (K  «.  7F104 


MAM  MOCaiANEOUB  CARO  CHS,  SX.  so,  FiaOl 
ITPLOTI  0R0P1>CS>J  PR68  |  PUSH  |  HRQ  | 

RIOT  CARO  ran  IPIOT  •  1  tFIOOl 

I  ITS  |MPlOT|mOT  I  OPIOtI  0TRY8  | 
OEMQNATB)  MOOES  CARO  -  ran  NRU>T  »  0  (1M) 

I  >*1  I  «  I  I  I  I  I 

OESIQNATB)  ELEMENTS  CARO  -  ran  LPLOT  >  0  nSM) 

I  I  °  I  I  1  I  -  f 


MAIN  (1  OF  1) 

MAMDESCnFTPM  |  *P- 1<3 

DTMM  I  SSF  I  TMAX  |  CRMAX  |  EMAX  |  *P.  144 
vnucT  P  145 

T8V8  I  DTNOOE  |  TWOOE  |  OTDYN  |  TDTM  |  P.  14S 

I  I  ""1"'  "  I  I  I  I  i  1  I 
I  \^T-\ . -|-  I  I  I  I 


onop  CAROFOn  onop  •  1  FIOA  K.  SX.4M.  10X,  2B.  2X.  Ml.  K) 

I  Tonop  |nnooeKS>vS  wae  I  *«lo  |  nhxt  | ncmnk [VsX\\\n| >**tOT I  1 1 1  nfajl  K\\NN\SI  ^ 

OESIQNATEO  ELEMENTS  FASJUnE  CARO -FOnNFAI.>0  (ISM)  I^DbafT.IZ 

I  ga  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  P 

PRESSURE  CAROS  FOR  PRES  »1  -A8HEQUSgOMIS.Fiafl) _ 

I  N1  I  «  I  N3  I  N«  |NSURF|N00MC|  PRESSURE  P 

I  BLANKCARD  ^  ENDS  PRESSURE  CAROS  FOR  PRES  A 1 
TME- PRESSURE  CAROS  FOR  PRES  a  1  -ASREOUSIEOCZFIOjO) 

I  PTME  I  PO)  P151 


I  SLANXCARO  /  ENOS  TME- PRESSURE  CAROS  FOR  PRES  a  1 
VELOCITY  CAROS  FOR  PUSH  a  1  -AS  ReOUMEORIlSFiaq 

I  N1  I  W  I  MC  I  TYPE  I  XMDOT  [  Y/TDOT  |  ZDOT  P  ’SI 

I  SLANXCARO  |>  ENOS  VELOCITY  CAROS  FOR  PUSH  at 
TS4E- VELOCITY  CAROS  FOR  PUSH  a  1  -ASREOUREOIBFiaai 

. I  VH)  I  VXIRC1)  I  VY/TCT,  i  V£n)  P.1S2 

I  BLANKCARD  ENOS  TME- VELOCITY  CAROS  FOR  PUSH  a  1 


DATA  OUTPUT  CAROS- AS  REOUMEOKFIOO.  SI 

I  TME  I  ECHECX  |  NCHECK  |  ROAMP  |  SAVE  |  BURN  |YPHNT  |NDATA  |  SLPR  |  PROJ  |  PAT  |rZONE  |  'P.  153 


I  BLANKCARD  }  ENOS  MAM  ROUTME 
T142e0^ 


RgureG.  Main  Routine  Input  Data 


» 


I 


» 


» 


I 


> 


» 


T14280BS 


19 


» 


•  •  • 


•  • 


•TA1E  non  HEMXR  CMO  (SMi,  an.  Mei 


1 12:3  lazi  Eiiia 

Vjl,.><"fJIJ.JI.IJI:.l.!HWy 

iE3i;:^»gCC>g»agMCigCi^^ 

ICcSI 


P0ST1(10F2) 


PLOT  UMnS  CARO  RM  AXES  -  2  CiPlOa  «8) 


XfRMAX  I  VMAX  I  2MAX 


-■ 


XEVE  VCVE 


■TTrZ'Sljaj 


IK7?1I 


ISINI 


'SNHE  M  OeOMETRy  nOTCWI}  SHOWN  MOVE 


PU>T  UMm  CARO  fOR  AXES  •  2  NFIOA  am 


XMIAX  WAX  2MAX 


l!CiN!<N«l 


PLOT  UMtn  CMO  FOR  AXES  •  2  (VHIA  an 


XWMX  1 

1  WAX  1 

1  WAX 

1  wmm  1 

WM 

VPLWE  I  ZPIANE 


T142Ba032 

Rgure  7.  Postprocessor  Input  Data  for  State  Plots 
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Rgure  7.  Postprocessor  Input  Data  for  State  Plots  (Concluded) 
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Figui«8.  PostprocGssor  Input  Data  for  Time  Plots 
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Rgure9.  2D  Ftezone  Input  Dala 
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Rgure  11.  Additional  Element  Input  Data  for  Rezoning 
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Rgurs  13.  Nodal  Spacing  for  Various  Expansion  Factors 
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Flgurt14.  2D  CompoMte  Element  Geometry 
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Figure  16.  3D  Element  Arrangements 
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Hgure  17.  30  Node/Element  Input  Data  Example 
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Rgure  18.  Summary  of  Individual  and  Compoalte  Element  Optlona 
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Rgure20.  Rod  Shape  Geometry 
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Figure  21.  Note  Shape  Geometry 
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Figuni  22.  Summary  of  Nodes  and  Elements  for  Rod  and  Nose  Shapes 
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FlguraZS.  ao  Flat  Plate  Geometry 
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Figure  24.  3D  Circular  Flat  Plate  Geometry 
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FH^28.  PATRAN  to  EPIC  Tnralatort  for  Nodes  and  Elements 
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Flgur«26.  PATRAN  to  EPIC  Trinslatort  for  NodM  Mid  Elements  (Continiied) 
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Flgurt26.  PATRAN  to  EPIC  TranalatorB  for  NodM  and  Elements  (Concluded) 
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PRESSURE.  P(QPa) 


Figui«29.  PrMSure  Model  for  Crushable/Concrvte  Solids 
(Specific  DMa  ^Kmn  are  for  Concrete) 


Tl4ai0ad 


44 


T142aOad 


45 


Figure  31.  Graphics  Color  Map 


1.  INPUT  DATA  FOR  THE  PREPROCESSOR 


The  function  of  the  Preprocessor  is  to  define  the  initial  geometiy  and  velocity  conditions. 
The  descriptions  which  follow  are  for  the  data  in  Figure  1.  Consistent  units  must  be  used 
and  the  unit  of  time  must  be  seconds. 

It  is  possible  to  interject  user  comments  into  the  data  hjr  use  of  a  $  character.  If  the  $  is 
in  the  first  column  of  the  card,  that  entire  card  is  ignored  as  input  data.  If  the  $  is  beyond 
the  first  column  in  ^  card,  then  the  $  and  all  data  to  the  lif^t  of  the  $  are  ignored 
(Reference  10). 

A  card  with  a  $  in  the  first  column  can  be  used  to  show  the  field  names  and/or  to  show  a 
title  finr  a  group  of  cards.  A  card  with  a  blank  in  the  first  column  and  a  $  in  the  second 
coluirm  can  be  used  as  a  blank  card  with  a  comment  about  which  section  thia  blank  card 
ends. 

Prep  Description  Card  (215,  A70)  — 

TYPE  s  1  specifies  a  Preprocessor  run  only. 

=  2  specifies  a  Preprocessor  and  Main  Routine  Run. 

CASE  s  Case  number  for  run  identification.  This  same  case  number  must  be 

iised  for  all  subsequent  restart  runs. 

PREP  s  Description  provided  by  user. 

DESCRIPTION 

Prep  Miscellaneous  Card  (915, 5X,  12, 311, 415)  — 

GEOM  =  1  specifies  ID  cartesian  geometry. 

s  2  specifies  ID  cylindrical  geometry, 
s  3  specifies  ID  spherical  geometry, 
s  4  specifies  2D  plane  stress  geometry  (Reference  11). 
s  5  specifies  2D  plane  strain  geometry 
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PRINT 


SAVE 


NSLID 

NMAS 

NRST 

NRIG 

NCHNK 


xs  6  specifies  2D  axisymmetric  geometry  (without  spin). 

s  7  specifies  2D  axisymmetric  geometry  (with  spin). 

s  8  specifies  3D  geometry. 

s  0  will  not  print  individual  data  for  each  node,  element,  and  sliding 
interfooe. 

s  1  will  print  individual  data. 

=  2  will  restrict  printing  of  3D  node  data  to  nodes  with  Y  =  0  and  to  3D 
element  data  with  one  fewe  on  the  Y  =  0  plane. 

=  0  will  not  write  Preprocessor  data  on  restart  file. 

=  1  will  write  Preprocessor  data  on  restart  file,  IRESIN. 

=  2  will  write  Preprocessor  data  on  restart  file,  IREISOT. 

s  3  will  write  Preprocessor  data  m  restart  file  (opened  on  chaxmel  IRES03) 
with  the  name  EiP(X).RES,  where  i  x:  PCASE,  which  is  described  later  on 
this  card. 

=  Number  of  sliding  interfaces. 

=  Number  of  omcentrated  masses  to  be  input  separately. 

=  Number  of  groups  of  nodes  to  have  restraints  redefined. 

=  Niunber  of  systems  of  nodes  which  move  as  rigid  system. 

s  Number  of  groups  of  elements  for  which  subsystem  data  are  requested. 
Only  the  non-eroded  (intact)  elements  are  included  in  these  data. 

Chunks  can  also  be  defined  automatically  during  the  input  of  the 
elements.  NCHNK  does  not  include  the  automatically  generated  chxmks. 
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NOCHK 


0  will  cbedc  that  tha  master  slidiaginter&OM  and  nonraflective  aoaker 
4^l«wnew*»  sw*  atiarfiftd  to  aolid  ftlftinwnta.  Tliis  should  be  used  adien 
setting  up  new  grids. 


I 


PCASE 


DC^ 


lY 


JZ 


SPLIT 
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s  1  will  bypass  this  check  to  save  CPU  time.  It  can  be  used  when  using  a 
previously  checked  established  grid. 

s  Identification  number  fi>r  PATRAN  files  generated  by  the  Main  Routine.  * 

Use  a  difibrent  number  Car  di£forent  EPIC  runs  so  that  the  difibrent 
PATRAN  files  are  not  assigned  the  same  name.  Is  also  used  as 
number  for  restart  files  when  SAVE  >  3. 

► 

B  0  will  not  provide  a  rigid  fiictionless  surface  on  the  positive  side  of  a 
plane  described  R  s  0  (2D)  or  X  »  0  (3D). 

3  1  will  provide  a  rigid  fiictionless  surface  on  the  positive  side  of  a  plane 

described  by  R=0(2D)arXsO(3D).  If  the  equations  of  motion  cause  a  ^ 

node  to  have  a  negative  X^  coordinate,  the  X/R  coordinate  and  velocity 
are  set  to  aero. 

3  0  will  not  provide  a  rigid  fiictionless  surface  on  the  positive  side  of  a  ^ 

plane  described  by  Y  s  0  (3D  only). 

3  1  will  provide  a  rigid  fiictionless  surface  on  the  positive  side  of  a  plane 
described  by  Y  s  0  (3D  only). 

3  0  will  not  provide  a  rigid  fiictumless  surface  on  the  positive  side  of  a 
plane  described  by  Z  s  0. 

3  1  will  provide  a  rigid  fiictionless  surface  on  the  positive  side  of  a  plane  I 

described  by  Z  3  0  (ID.  2D.  3D). 

3  0  will  perfinrm  the  sliding  interface  computations  after  the  updated 
velocities  and  displacements  are  determined  ficom  the  usual  equations  of 
motion.  Contact  is  established  as  long  as  the  slave  node  interferes  with  * 

the  master  surfime  befive  the  velocities  and  displacements  are  adjusted 
in  the  sliding  surfiaoe  routines.  This  (q>tion  is  the  most  reliable  and 
should  be  used  for  oomplkated  sliding  sur&ces  which  include  double 
pass  options  and  intersecting  sliding  sur&oes.  It  must  be  used  for  the  ^ 
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eioding  interface  qjitioii.  For  computations  involving  rigid  body  nodes 
(on  the  master  surface),  this  option  can  introduce  errors  in  the  farm  of 
excessive  defiurmation  and  internal  energy. 


DP3 


UNIT 
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«  1  will  perfiarm  the  sliding  surface  computations  after  the  updated 
velocities  are  determined  but  before  the  updated  displacements  are 
determined.  Ibis  option  should  only  be  used  if  the  sliding  interfaces  are 
relatively  simple  and/or  contain  rigid  body  nodes  on  a  master  surface. 
Specifically,  it  reciuires  that  no  slave  node  or  master  node  be  a  slave  node 
or  master  node  on  more  than  one  sliding  interface.  Also,  the  douUe  pass 
option  for  20  computations  (IT2  >  0)  cannot  be  used,  and  the  segmented 
master  surface  for  2D  computations  (TYPE  <  0)  cannot  be  used.  Contact 
is  first  established  when  the  slave  node  interferes  with  the  master 
surface.  Ibereafter,  a  slave  node  is  considered  to  be  in  contact  until  the 
prea^justed  normal  velocities  between  the  two  surfaces  are  separating 
rather  than  dosing.  This  approach  minimises  the  distance  the  slave 
node  is  moved  to  place  it  on  the  master  surface  (fi>r  rigid  body  nodes)  and 
is  therefore  more  accurate  fw  this  case.  Ifthere  are  no  sliding  surfaces, 
either  option  can  be  used  (SPLIT  »  0  or  SPLIT  s  1). 

=  0  will  not  perform  any  double  precision  computations. 

=  1  will  perform  double  predsion  computations  for  3D  volume 
computations  and  parts  of  the  3D  sliding  interface  computations.  This 
sometimes  may  be  required  fnr  32-bit  computers,  but  is  not  required  for 
64-bit  computers. 

s  0  indicates  the  constants  in  the  material  library  have  En^^h  units 
(poimdAnch/second/degree  Fahrenheit). 

s  1  indicates  the  constants  in  the  material  library  are  converted  to 
Standard  International  (SI)  units. 

s  2  indicates  the  constants  in  the  material  library  are  converted  to 
Centimeter-Ckam-Seoond  (C(3S)  units.  Temperature  is  degree  Kelvin. 
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Ml 


CDUCT 


0  will  not  include  heat  conduction. 


«  1  will  include  heat  conduction.  Does  not  apply  to  explosive  materials, 
and  is  currently  limited  to  ID  Cartesian  elements,  2D  triangular 
elements,  and  3D  tetrahedral  elements  as  shown  in  Figure  19. 

Material  Data  Garde  —  Material  data  can  be  completely  defined  by  the  user  or  taken 
firom  the  material  data  library.  Specific  instructions  are  presented  later.  End  material 
data  with  a  blank  card. 

Prcdeetile  Scale/Shift/Botate  Card  (TFIOjO,  2FB,0)  — > 

X/RSCALE  s  Factor  ly  vdiich  the  R  coordinates  (2D)  or  X  coordinates  (3D)  of  all 
projectile  nodes  are  multiplied.  Applied  after  the  coordinate  shifts 
(X/RSHIFT,  ZSHIFT)  and  before  the  rotations  (ROTATE/SLANT) 
described  later. 


YSCALE 


Factor  by  which  the  Y  coordinates  are  multiplied  for  3D  geometry.  Leave 
blank  for  ID  or  2D  geometry. 


ZSCALE 


=  Factor  by  which  the  Z  coordinates  are  multiplied. 


X/RSHIFT  «  Increment  added  to  the  X/R  coordinates  of  all  projectile  nodes  (length). 

Applied  befinre  the  scale  factors  (X/RSCALE,  YSCALE,  ZSCALE). 


ZSHIFT 


s  Increment  added  to  the  Z  coordinates  (length). 


ROTATE 


Rotation  about  X/RO  and  ZO  in  the  R-Z  plane  (2D),  or  the  X-Z  plane  (3D), 
of  all  projectile  nodes  (degrees).  Applied  after  the  coordinate  shifts 
(X/RSHIFT.  ZSHIFT)  and  the  scale  factors  (X/RSCALE,  ZSCALE). 
Clockwise  is  positive  for  2D,  and  for  3D  when  looking  in  a  positive  Y 
direction. 


SLANT 


The  angle  (degrees)  used  to  redefine  the  X/R  coordinates  of  all  projectile 
nodes,  with  the  relationship 


X/Rb,w  =  X/Roid  +  (Z  -  ZO)  tan  (SLANT). 
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This  takes  vertical  lines  of  nodes  and  aligns  them  at  an  ani^,  SLANT, 
with  the  vertical.  Amdied  after  the  other  SCALE/SHIFT/ROTATE 
options. 


xmo 


reference  coordinate  for  the  ROTATE/SLANT  (^ons. 


ZO  s  Z  reference  coordinate  for  the  ROTATE/SLANT  options. 

Node  Datacards  Cor  Pndectile  —  These  cards  are  required  to  define  the  prcgectile 
nodes.  If  a  imde  is  at  the  interfece  of  the  projectile  and  the  target  and  contains  mass  firam 
both  the  projectile  and  the  target,  it  must  be  induded  with  the  projectile  nodes.  The  node 
numbers  must  not  exceed  the  dimension  of  the  node  arrays,  and  they  need  not  be  numbered 
consecutively  or  in  increasing  order.  Specific  instructions  for  node  input  data  are  presented 
later.  End  projectile  node  data  with  a  blank  card. 

Taarget  Seale/Shifit/Rotate  Card  (7F10.0, 2F5.0)  —  Same  as  Projectile  Scale/Shift^tate 
Card  except  it  applies  to  the  target  nodes.  Must  be  included  even  if  there  are  no  target 
nodes. 


Node  Data  Csurds  Cor  TargM  —  Similar  to  node  data  cards  for  projectile.  Specific 
instructions  are  presented  later.  End  target  node  data  with  a  blank  card.  Indude  blank 
card  even  if  there  are  no  target  nodes. 
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Element  Data  Cards  for  Projectile  —  Tlmse  cards  are  required  to  define  the  projectile 
elements.  The  element  numbers  must  not  exceed  the  dimension  of  the  element  arrays,  and 
they  will  auUmiatically  be  numbered  consecutively.  Specific  instructions  are  presented 
later.  End  projectile  element  data  with  a  blank  card. 

Element  Data  Cards  Cor  Target  —  Similar  to  element  data  cards  for  projectile.  Specific 
instructions  are  presented  later.  End  target  element  data  with  a  blank  card.  Indude  blank 
card  even  if  there  are  no  target  elements. 

Sliding  InterCaoe  Data  Cards  Cor  NSUD  >  O'— These  cards  are  required  to  define  the 
sliding  interfaces.  Specific  instructions  are  presented  later. 

NMAS  Concentrated  Mass  Cards  (16, 5X,  PlCkO)  —  There  are  NMAS  (defined  in  Prep 
Miscellaneous  Card)  cards  entered  for  the  concentrated  masses.  These  cards  are  omitted 
when  NMAS  sO.  Each  card  contains  data  for  one  mass. 

N  s  Node  number  to  which  the  concentrated  mass  is  added. 
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Note:  If  N  exceeds  the  IS  format  (2100,000),  set  N  »  -l  and  then  read  N 
on  the  following  card  in  110  format 

MASS(N)  *  Concentrated  mass  added  to  node  N. 

Restrained  Nodes  Identification  Cards— ^  Required  (215, 2X,  811)  —  Each  set  of 
restrained  nodes  contains  one  Restrained  Nodes  Identification  Card  and  additional  cards  to 
specify  the  nodes.  The  program  does  not  impose  any  constraint  on  the  number  of  sets  and 
each  set  can  contaiii  as  many  as  the  node  aztays  can  handle.  If  there  are  no  restrained 
node  sets  (NRST  s  0  in  Prep  liCscellaneous  Card),  this  group  of  cards  is  omitted.  Ifthereis 
more  than  one  set  of  restrained  nodes,  all  cards  for  the  first  set  are  entered  before  the 
Restrained  Nodes  Identification  Card  for  the  next  set  is  entered.  This  input  redefines  the 
restraints  on  the  designated  nodes  (it  does  not  simply  add  to  existing  restraints). 

NFN  s  Number  of  nodes  in  set. 

NFG  s  Number  of  groups  of  nodes  to  be  read.  If  NFG  s  0,  the  nodes  are  read 

individually. 

IX/R,  TYfT,  IZ  s  1  restrains  nodes  in  R,  6,  Z  directions,  respectively,  for  2D  geometry  and 
the  X,  Y,  Z  directions  for  3D  geometry.  Expanded  description  given  for 
line  of  Nodes  Description  Card  in  Node  Geometry  Subsection. 

Individual  Restrained  Nodes  Cards  for  NFG  ■  0  (1615)  — 

F1...FN  =  Individual  nodes  to  be  restrained. 

Note:  If  any  nodes,  Fl..wFN,  exceed  the  15  format  (2100,000),  set  FI  =  -1 
and  then  read  all  nodes  F1...FN  on  the  following  cards  in  8110  format. 

NFG  Grouped  Restrained  Nodes  Cards  (315)  — 

FIG  a  First  node  in  the  group  of  nodes  to  be  restrained. 

FNG  «  Last  node  in  the  group  of  nodes  to  be  restrained.  Leave  blank  if  there  is 

only  one  node  in  the  group. 

Note:  If  FIG  and/or  FNG  exceed  the  15  format  (2100,000),  set  FIG  «  -1 
and  then  read  FIG  and  FNG  on  the  following  card  in  2110  format. 


INC  «  Increment  between  nodes  in  the  group  of  restrained  nodes.  LeaveUenk 

if  there  is  only  one  node  in  the  group. 

Bifid  Body  Identification  Carda-^As  Required  (215)  —  Each  system  rigid  body 
nodee  twitain*  one  Rigid  Body  Identification  Card  and  additional  cards  to  specify  the  nodes. 
If  there  are  no  rigid  body  qrstems  (NRIG  «  0  in  Prep  Miscellaneous  Card),  this  group  of 
cards  is  omitted.  Ifthere  is  more  than  one  system  ofrigid  body  nodes,  all  cards  fixr  the  first 
system  are  entered  beibre  the  Rigid  Body  Identification  Card  ibr  the  next  system  is  entered. 
Rigid  body  nodes  must  not  contain  any  slave  nodes  on  sliding  interfaces  or  have  nodes 
restrained  in  the  Z  direction.  For  ID  qdindrical  and  spherical  geometries  (CffiOM  «  2  or  8) 
there  can  be  no  rigid  body  nodes.  For  plane  strain  or  plane  stress  geometry  (GS^M  «  4  or 
5),  if  any  rigid  bo^  node  is  restrained  in  the  R  direction,  then  all  are  restrained  in  the  R 
direction.  For  axisymmetry  geometries  (GEOM  s  6  or  7),  all  rigid  body  nodes  are 
restrained  in  the  R  direction.  For  3D  geometry  (GEOM  s  8)  all  rigid  body  nodes  are 
restrained  in  the  Y  direction.  If  any  SD  rigid  body  nodes  are  restrained  in  the  X  direction, 
then  all  are  restrained  in  the  X  direction. 

NRN  s  Number  of  rigid  body  nodes  in  the  system. 

NRG  «  Number  of  groups  of  rigid  body  nodes  to  be  read.  If  NRG  «  0,  the  nodes 

are  read  individually. 

Individual  Rigid  Body  Nodes  Cards  for  Nl^  ■  0  (1615)  — 

R1...RN  «  Individual  nodes  in  rigid  body  system. 

Note:  If  any  nodes,  R1...RN,  exceed  the  15  format  (2100,000),  set  R1  =  -1 
and  then  read  all  nodes  R1...RN  on  the  following  cards  in  8110  format 

NRG  Grouped  Rigid  Body  Nodes  Cards  (315)  — 

RIG  *  First  node  in  the  group  of  rigid  body  nodes. 

RNG  >  Last  node  in  the  group  of  rigid  body  nodes.  Leave  blank  if  there  is  only 

one  node  in  the  group. 

Note:  If  RIG  and/or  RNG  exceed  the  15  format  (2100,000),  set  RIG  »  -1 
and  then  read  RIG  and  RNG  on  the  following  card  in  2110  format. 


INC 


Increment  between  nodes  in  the  group  of  rigid  body  nodes.  Leave  blank 
if  there  is  only  one  node  in  the  group. 


NCHNK  fnmwk  lOjmmwt  Cards  (SIB)  —  Each  subsystem  of  element  diunks  for  wfaidi 
ou^nit  is  desired  requires  a  Chunk  Element  Card.  If  there  are  no  diunk  data  to  be 
obtained  (NCHINK  «  0  in  Prep  Miscellaneous  (3ard),  these  cards  are  omitted.  Recall  that 
Atinlra  may  *1***  be  automatically  generated  during  the  input  of  the  elements.  Ihe  chunks 
generated  by  the  NCniNK  (%unk  Element  cards  will  be  numbered  after  those 
automatically  generated  the  input  of  the  dements.  Furthermore,  the  dinnks 

generated  by  the  NC!HNK  (Thunk  Element  Cards  cannot  be  used  to  define  the  sliding 
interfooes. 

(TEl  >  First  element  in  the  chunk. 

(TEN  s  Last  element  in  the  diunk.  The  chunk  induifos  all  elements  between 

(and  induding)  CEl  and  CEN. 

Note:  If  CEl  and/or  CE3^  exceed  the  15  format  (2100,(X)0),  set  CEl  s  -1 
and  then  read  CEl  and  CEN  on  the  following  card  in  2110  format. 

DeUmation/Body  Force  (Gravity)  Card  (4F10j0,  IQE,  SP10.0) — This  card  describes  the 
initial  explosive  detonation  conditions.  It  also  allows  body  forces  (gravity)  to  be  defined. 
Leave  this  card  blank  (but  indude)  if  no  explomves  or  body  forces  are  used. 

X/RDET  «  X/R  coordinate  of  the  explosive  detonation  (distance). 

YDET  «  Y  coordinate  of  the  explosive  detonation  (3D  only). 

ZDET  s  Z  coordinate  of  the  explosive  detonation. 

TBURN  *  Time  (second)  at  which  the  detonation  begins  at  X/RDET,  YDET,  ZDET. 

XDD  s  Body  force  acceleration  in  X  directi<m  (distance/seoond».  Positive  XDD 

provides  positive  force  (F  s  Mass  •  XDD)  in  X  direction.  The  body  forces 
are  added  to  the  stress-generated  forces. 

YDD  >i  Body  fence  acoeleratiem  in  Y  direction  (3D  only). 


ZDD 


Body  force  acceleration  in  Z  direction. 


Veloeity  Card  (7F10.0,  IS)  —  Hus  card  describes  the  initial  velocity  conditioins.  If 
there  are  interftce  which  include  mass  from  both  the  prcgectile  and  the  taiget,  the 
velocities  of  these  nodes  are  automatically  adjusted  to  conserve  momentum. 


{ 


» 


PX/RDOT 

PY/rooT 

PZDOT 

TX/RDOT 

TY/nX)T 

TZDOT 

DTI 


NVPID 


«  Projectile  velocity  in  the  R  direction  for  2D  fBometry  or  the  X  direction 
tor  SD  geometry  (distanoe/seccmd). 

«  Projectile  velocity  in  the  6  direction  for  2D  geometry  (radians/second)  or 
the  Y  directum  for  SD  geometry  (distance/seoondX 

«  Projectile  velocity  in  the  Z  dire  '^on. 

«  Target  velocity  in  the  X/R  direction. 

s  Target  velocity  in  the  Y/0  direction. 

s  Target  velocity  in  the  Z  direction.  Should  he  xero  when  the  erosion 
(qptian  is  used  (ERODE  >  0)  with  azisymmetric  geometry  (GEOM  s  6, 7). 

m  Integration  time  increment  for  the  first  Qrde.  This  must  be  less  than  the 
time  required  to  travel  across  the  minimum  dimension  of  each  element  at 
the  sound  speed  of  the  material  in  that  element  If  left  blank  (DTI  » 

0.0),  DTI  will  be  determined  automatically. 

«  Number  of  additional  velocities  fields  to  he  input  The  additional  velocity 
fields  will  supersede  those  input  with  this  card. 


NVFLD  Velocity  Field  Definition  Cards  (6F10A  415)  —  These  cards  describe  the 
additioiud  NVFLD  velocity  fields  to  be  input  One  card  is  required  for  eadi  new  velocity 
field.  The  velocities  vary  lineariy  from  node  N1  to  node  N2  and  include  nodes  NAl  to  NA2. 
They  supersede  previously  input  velocities. 


X/RIDOT 

s  X/R  velocity  at  luxle  N1  (distanoe/seoond). 

Y/TIDOT 

>  Y/0  velocity  at  imde  Nl. 

ZIDOT 

s  Z  velocity  at  xrode  Nl. 

X/R2DOT 

«  X/R  velocity  at  node  N2. 

» 


» 


i 


i 


» 
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Y/e 'velocity  at  node  N2. 


Z2DOT  ■  Z^doeityatnodeNS. 

N1  .  NodeatwliidivelocitieeareX^lDOT,Y/nDOT,andZlDOT. 

N2  >  NbdeatwliidiveloeitieeareX^R2DOT,Y/r2DOT,andZ2DOT. 

NA1-NA2  ■  lUngeofnodaevvlioeevelocitiee  are  updated. 

Note:  IfNl.N2.NAl,andArNA2  exceed  the  15  fiainat  (2100,000),  eet 
N1  > -1  and  then  read  Nl,  N2,  NAl,  and  NA2  on  the  fidlowing  card  in 
dllO&nnat. 

a.  Matartai  Daacriptiona 

There  are  several  material  typee  available  to  the  user.  They  are  for  Solide, 
Bhqdoeivee,  Cruehable/Concrete  Bolide  and  liquids.  Input  data  are  shown  in  Figure  2. 

Data  may  be  input  directly  or  the  material  library  may  be  used.  When  a  library  material  is 
used,  the  program  listing  indudes  card  images  that  could  be  used  as  material  data  input  fior 
themateriaL  These  card  images  can  be  used  as  a  template  fixr  slid^tly  moditying  a 
material  The  card  images  are  limited  to  fimr  digits  of  accuracy.  Figure  19  shows  the 
material  types  that  can  be  used  with  the  various  elements. 

Material  Card  for  Solids  From  Library  (4B1,  SF5bO) —>  Data  finr  some  materials  are 
available  firom  the  material  libraiy  in  subroutine  MATUB.  The  specific  materials  are 
shown  in  Figure  12  and  listed  as  outyut  fimn  the  Preprocessor.  library  materials  may  only 
be  used  after  being  called  by  this  card.  The  user  should  read  the  comments  in  subroutine 
MATLIB  to  obtain  the  reftrences  fium  vdudi  the  data  were  generated. 

MATL  >  Material  identification  number.  It  must  be  in  the  range  of  1  throu^  100 

and  must  correspond  to  a  material  number  in  the  library. 

0  >  Code  to  spedty  library  material. 

DAM  «  0  wiU  not  compute  material  damage. 

m  1  will  compute  material  damage. 

FAIL  s  OwiU  not  allow  firacture<d'the  material  when  the  damage  exceeds  1.0, 

but  rather  will  continue  to  accumulate  the  damage. 
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9 


9 


9 


9 


9 
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■  1  win  alloir  the  material  to  fracture  partially  when  the  damage  exceeds 
1.0.  Partial  fracture  cauaes  shear  and  tensile  failure,  so  only 
oQmpressive  hydrostatic  pressure  capability  remains.  Can  be  used  only 
witiiDAM-1. 

DFRAC  a  Factor  by  wbidi  library  fracture  strain  constants  (D1,D2,EFMIN- 

defined  later)  are  multiplied.  DFRAC  »  1.0  wiU  provide  tbe  exact  library 
constants. 

ESTAIL  a  Equivalent  plastic  strain,  or  volumetric  strain,  whidi,  if  exceeded,  win 

totaUy  foil  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL  2  999,  the  dieck  for  total  failure  wiU  be  omitted. 

Description  Card  for  Solids  Input  Data  (415, 5X,  F6.0,  A50)  —  This  card  (plus  five 

additional  cards)  specifies  aU  the  material  constants  for  a  solid  material.  Options  are 

available  for  the  strength  model,  the  Equation  oi  State  model  and  the  firacture  model. 

These  cards  wiU  supersede  any  material  library  data  with  the  same  material  number, 

MATL.  Note  that  the  final  version  of  EPIC  requires  one  more  card  than  the  1994  version. 

This  is  required  to  allow  for  input  of  heat  conduction  constants. 

MATL  m  Material  number  specified  fay  user,  \llfill  supersede  library  material  data 

with  same  material  number. 

1  *  Code  to  specify  Solids  input  data. 

DAM  ■  0  will  not  compute  material  damage. 

m  1  will  compute  material  damage. 

FAIL  ■  0  wiU  not  allow  firacture  ofthe  material  when  the  damage  exceeds  1.0, 

but  rather  will  continue  to  accumulate  the  damage. 

a  1  wiU  aUow  the  material  to  fiacture  partiaUy  when  the  damage  exceeds 
1.0.  Partial  firacture  causes  shear  and  tensile  failure,  so  only 
compressive  hydrostatic  pressure  capability  remains.  Can  be  used  only 
with  DAM -1. 


Tiaasob 


67 


EFAIL 


Equivalent  idastic  strain,  or  volumetric  strain,  which,  if  exceeded,  will 
totally  &il  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL  i  999,  the  check  for  total  fiulure  will  be  omitted. 


MATERIAL  «  Description  provided  by  user. 
DESCRIPnON 

Card  2  Cor  SoUds  (6F10  A  315)  — 

DENSnY  s  Material  density  (mass/volume). 

SPH  HEAT  «  Specific  heat  (work/mass/degree). 


TEMPI 

TROOM 

TMELT 

TZERO 

MODEL 


a  Initial  temperature  of  the  material  (degree), 
a  Room  temperature  (degree), 
a  Melting  temperatiue  of  the  material  (degree), 
a  Absolute  xero  temperature  (degree). 

a  1  (or  0)  specifies  Johnson-Cook  strength  model  (Reference  12). 
a  2  specifies  modified  Johnson-Cook  strength  model  (Reference  13). 
a  3  specifies  Zeiilli-Armstrong  FCC  strength  model  (Reference  14). 


a  4  specifies  Zerilli*Armstrang  BCC  strength  model  (Reference  14). 
a  0  specifies  Bodner-Partom  strength  model  (References  15, 16,  and  17). 


a  6  specifies  MTS  strength  model  (References  18  and  19). 
a  10  specifies  User  strength  model. 

EOS  a  1  (or  0)  specifies  Mie-Gruneisen  Equation  of  State, 

a  10  specifies  User  Eq\iation  of  State  model 
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FRACT 


1  (or  0)  tpedfies  John»m<Cook  Fracture  model  (Refisrenoe  20). 


>  10  specifies  User  fracture  model  * 

Cards  for  Jdliiia(m!>CookBfodel  (MODEL*  1  or  0)  (SFlOi))  —  Tliis  card  describes 
strength  constants  fiv  the  Johnaon-Cook  Model  (Refereitce  12). 

SHEAR  MOD  >  Shear  modulus  of  elasticity  (fiurce/area).  * 

Cl,  C2,  N,  C3,  ■  Constants  to  describe  the  material  strength,  o,  using  the  Johnson-Cook 
M,C4,SMAX  model 

» 

o« [Cl  +  C2 •€*»] [1  +  C3*ln€*l [l-r**]  +  C4  P 

Where  e  is  the  equivalent  plastic  strain,  e  *  »  e/co  is  the  dimensionless 

strain  rate  for  Cg  « 1.0  s-i,  T*  is  the  homologous  temperature,  and  P is  ^ 

the  hydrostatic  pressure  (compression  is  positive).  Valid  only  for  0  ^  T*  ^ 

1.0.  N  must  be  a  positive  number,  and  tbe  thermal  softening  fraction,  Ky 
=  [1  -  T*M],  is  set  to  Ky  s  1.0  when  M  s  0.  If  SMAX  is  input  as  a  positive 
number,  then  the  maximum  strength  for  o  is  limited  to  SMAX.  Ifleft  I 

blank  (SIdAX  •  0),  the  strength  (o)  is  not  limited. 

A  constant  flow  stress  can  be  obtained  by  setting  Cl  to  the  flow  stress,  N 
a  1.0,  and  C2  s  C3  s  C4  s  SMAX  s  M  s  0.  Cl,  C2,  and  SMAX  have  units 
of  stress  (foroe/area),  and  the  others  are  dimensionless.  * 

Card  8  for  Modified  Johnaon-Oook  Model  (MODEL  >  2)  (8F10X))  —  This  card 
describes  strength  constants  for  the  modified  Jobnson-Cook  model  (Reference  13). 

SHEAR  MOD  s  Shear  modulus  of  elasticity  (foroe/area). 

Cl,  C2,N,  C3,  s  Constants  to  describe  the  material  strength,  o,  using  the 
M,  CA,  SIdAX  modified  Johnson-Cook  model. 

\ 


o«  [Cl  +  C2  •  cN]  [e*C8J  [  1 -TM]  +  C4  •  P 


» 
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Hu*  is  to  the  Johnsoa-Cook  model  except  that  the  strain  rate 

e£foct[e*cs]  isdifBsrent  This  model  provides  an  enhanced  strain  rate 

effect  at  hi|^  strain  rates.  ^ 

Card  8  ftxr  Zerilli'Annstroag  FCC  Model  (MODEL  ■  8)  (6F10.0)  —  This  card  describes 

strength  constants  for  the  ZeriUi-Armstrong  FCC  model  (Reference  14).  It  does  not 

represent  the  grain  sixe  as  a  variable,  but  rather  includes  it  in  (X).  ^ 

SHEAR  MOD  •  Shear  modulus  cf  elasticitgr  (foroe/area). 

(X),  C2,  (^,  >  (Xmstants  to  describe  the  material  strength,  o,  tising  the  Zerilli- 

CA,  N  Armstrong  FCC  model.  8 

o  =  (X)  +  (32  •  •  exp  (-C3  •  T  +  C4  •  T-  Ine) 

Where  e  is  the  equivalent  plastic  strain,  T  is  the  absolute  temperature  g 

(degree)  and  €  is  the  equivalent  strain  rate  (s-i ).  CO  and  (32  have  units 
of  stress  (foroe/area);  and  (33  and  C4  have  the  units  of  (degree)-^. 

Card  8  for  ZeriUi-Armstrong  BCC  Modd  (MODEL  >  4)  (7P10.0)  —  This  card  describes  I 

strength  constants  for  the  ZerilU-Armstrong  BCC  model  (Reference  14). 

SHEAR  MOD  •  Shear  modulus  of  elasticity  (foroe/area). 

CO,  Cl,  (33,  s  Constants  to  describe  the  material  strength,  o,  using  the  Zerilli-  I 

(34,  (35,  N  Armstrong  BCC  model 


o  =  CO  +  Cl-  exp(-C3-  T  +  (34  -  T  lne)  +  C6*  e” 

» 

Hus  is  similar  to  the  ZerUli-Armstrong  FCC  model.  CO,  Cl,  and  C5  have 
units  of  stress  (foroe/area). 

(3ard  8A  for  Bodner-Partom  Model  (Model  *  5)  (8F10.0)  —  This  oard  and  the  ^ 

following  one  describes  the  Bodner-Partom  model  (References  15, 16,  and  17). 

SHEAR  MOD  s  Shear  modulus  of  elasticity  (foroe/area). 


I 


s 
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zo.zi.no, 

N1.M0.M1. 

ALPHA 


Constants  to  HaBwo  the  material  strength,  o.  usLog  the  Bodner-Partom 
model 


pl-(Zl-Z0)e-“®^  .Ml.  ALPHA  =  0 

^Izi-CZl-ZOle***®^  e'^ALPHA**’  .Ml. ALPHA >0 
M  =  MO  +  Ml  • 


s(«) 


/NO  .NISTZERO 


Where  ip  is  the  equivalent  plastic  strain  rate  (8'^).Wp  is  the  plastic  woric 
per  unit  volume  (fiiroe/area).  and  T  is  the  absolute  temperature  (degree). 
The  computed  value  of  N  is  limited  to  N  ^  0.4  for  stability. 

ZO  and  Z1  have  units  of  stress  (foroe/area).  N1  has  units  of  temperature 
(degree).  MO.  Ml.  and  ALPHA  have  units  of  stress*^  (area/brce),  and  the 
others  are  dimensionless. 

Restrictions  on  input  are  ZO  >  O.Zl  >  ZO.NO  >  0  when  N1  £  TZEKO,  MO  > 
0,  Ml  2  0,  ALPHA  2  0,  and  DO  >  0. 

Card  SB  for  Bodner-Partom  Model  (MODEL  ■  5)  (F10.0)  — 

DO  =  Constant  to  define  the  material  strength,  o,  using  the  Bodner-Partom 

model  DO  is  the  maximum  allowable  plastic  strain  rate,  and  has  units  of 
s'^.  It  will  be  set  to  a  default  value  of  DO  s  10^*^,  if  left  blank. 

Cards  3A.  SB.  SC,  SD  for  BITS  Model  (Model  -  6)  [S(8F10.0),  SF10.0]  —  These  cards 
describe  the  strength  constants  needed  for  the  MTS  model  (Reference  18).  Questions 
regarding  this  modol  should  be  directed  to  P.J.  Bfaudlin  of  the  Los  Alamos  National 
Laboratory,  who  supplied  this  model  for  EPIC.  The  MTS  model  is  expressed  here  in  a 
rather  general  form  (Reference  19);  forms  for  most  other  materials  can  be  obtained  through 
simplification  of  the  following  equations.  The  flow  stress  a  is  given  by 

o  =  ^(o«  +  8thO+sth,i^  +8th,«oJ 


I  i 
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containi  the  oonetanto: 


SIGA 


M  dialocation  interaetions  with  loDg*range  harriers  (fixroe/area). 


s  disloration  interaetiaDa  with  interstitial  atoms  (fiaroe/area). 


SIGSS 


Oa  ■  interactions  with  solute  atoms  (finoe/area). 


adiere  the  s^ipropriate  units  are  indicated  in  parenthesis. 

The  first  product  in  the  equation  fiv  o  contains  a  micro'atructure 

A 

evtdution  variable,  i.e.,0,  called  the  threshold  stress,  that  is 

multiplied  by  a  constant-structure  defiurmation  variable  sth;  sth  ia  a 
function  of  absolute  temperature  T  and  plastic  strain-ratetf.  The 
evcdution  equation  fir  o  is  a  differential  hardening  law  representing 
dislocation-dislocation  interaction: 


3e**  Oa. 


whidi  has  as  a  constant: 


i 


SIGO 


o  c  initial  value  of  o  at  zero  plastic  strain(fi>rce/area). 


In  the  equation  for  da/dsp,€^t  represents  hardening  due  to  dislocation 
generation  and  the  stress  ratio  represents  softening  due  to  dislocation 
recovery.  The  threshold  stress  at  zero  strain-hardening  Og  is  called  the 
saturation  threshold  stress.  Relationships  for  o,  are: 


0,  =  a,  +a,  ln(e')-»-a2‘^i' 


which  contains  the  constants: 


ao  «  dislocation  generation  material  constant  (fince/area). 


ai  s  dislocation  generation  material  constant  (fince/area). 


a2  s  dislocation  generation  material  constant  (force/area). 
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which  oontaina  the  constants: 


SIGSO 


d.  s  saturation  threshold  stress  at  OK  (foroe/area). 


EDOTSO 


s  ^  s  refisrence  strain-rate(second*^). 


BURG 


s  b  s  magnitude  of  Burgers  vector  (inter-atomic  slip  distance)  (distance). 


CAPA 


s  A  =  material  constant. 


BOLTZ 


s  k  =:  Boltzmann's  constant  (energy/degree). 


T^e  shear  modulus  G  appearing  in  these  equations  is  assumed  to  be  a 
function  of  temperature  and  is  given  by  the  correlation 

G  =  b.-b./(e‘'''-l) 

which  contains  the  constants: 

=  bo  =  shear  modulus  at  zero  degrees  Kelvin  (foroe/area). 

s  hi  =  shear  modulus  constant  (force/area). 

s  b2  =  shear  modulus  constant  (degree). 

For  thermal-activation  controlled  deformation  sth  is  evaluated  via  an 
Arrheniiu  rate  equation: 


Gb’g. 


which  contains  the  additional  constants: 

EDOTO  *  s  reference  strain-rate  (second*^. 

GO  >  So  B  normalised  activation  enei^gy  fer  a  dislocation/dislocation 

interaction. 

PINV  B  s  material  constant. 

QINV  B  l/q  s  material  constant 

Eiq>ressions  for  sth4  and  sth^  w  identical  to  the  equation  for  sthin 
but  use  the  constants: 

EDOn  *  reference  strain-rate  (second*^). 

GOI  =  gb,i  a  normalized  activation  energy  for  a  dislocationAnterstitial 

interaction. 

PINVI  s  1/pi  B  material  constant 

QINVI  =  l/qj  s  material  constant 

and 

EDOTS  B  B  reference  strain-rate  (second*^). 

-  So,8  =  iio™sUzed  activation  energy  for  a  dislocation/solute  interaction. 
PINVS  B  l/p,  s  material  constant 

QINVS  B  1/qg  =  material  constant 

Card  3  for  User  Strength  Model  QdODEL  b  lO)  (8F10.0)  —  This  card  describes 
strength  constants  for  a  user-supplied  strength  model.  The  tiser  must  incorporate  the 
model  into  subroutine  USTRNG. 

SHEAR  MOD  b  Shear  modulus  of  elasticity  (force/area). 
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C0...C6  «  Constants  to  describe  the  user  model.  Constants  oonrespond  to  internal 

variables  C0(M)...C6(M) 

Card  4  Ibr  BIie«Gruneiaen  EOS  (EOS  >  1  or  0)  (8F10.0)  — 

Kl,  K2,  K3  s  Cubic  ooefiBdents  for  the  Mie^runeisen  Equation  of  State  (fiuroe/area). 

P  s  (Kl)l  -f  K2|lS  KS|i*)  (1  -  T>i/2)  -f  TE,  (1  -t- 

vdiere  |i «  p/po  - 1  and  Eg  is  internal  energy  per  initial  volume. 

r  s  (jTuneisen  coeflSdent  for  Mie-Gruneisen  equation  of  state.  If  the  heat 

conduction  option  is  being  used  ((H^UCT  =  1  on  the  Prep  Miscellaneous 
Card),  and  if  the  thermal  expansion  coefficient  is  positive  (ALPHA  >  0  on 
following  Card  6  for  Solids),  then  the  Gruneisen  coefficient  will  be  set  to 
r>0.  This  is  done  because  both  efilects  (ALPHA  >  0  and  r  >  0)  tend  to 
provide  for  thermal  expansion. 

It  is  also  possible  to  input  r>  0  and  ALPHA  =  0.  Here  the  expansion  will 
occur  in  the  Mie-Gruneisen  equation  of  state.  It  can  be  shown  that  an 
approximate  relationship  between  F  and  ALPHA  is  as  follows: 

r  =  Kl  o/pC 

where  Kl  is  the  bulk  modulus,  a  =  ALPHA  is  the  volumetric  coefficient  of 
thermal  expansion,  p  s  DENSITY  is  the  density,  and  C  =  SPH  HEAT  is 
the  specific  heat 

PMIN  =  Maximum  hydrostatic  tension  allowed  (force/area). 

CL  =  linear  artificial  viscosity  coefficient  (CL  «  0.2). 

CQ  =  Quadratic  artificial  viscosity  coefficient  (CQ  ■  4.0). 

CH  -  Hourglass  artificial  viscosity  coefficient  for  2D  quad  elements,  3D  brick 

elements,  or  3D  composite  brick  elements  with  pressure  averaging 
option  (CH  «  0.02). 


Card4  ftHrUaer  EOSModd  (EOS  ■  10)  (8P10.0)  —  This  card  describes  stnngth 
fyr  a  user-8um>lied  Equation  of  State  modeL  The  user  must  inoorporate  the 
model  into  subroutine  T  JEOS. 

Cn...C15  s  Constants  to  describe  the  user  model  Constants  correspond  to  internal 
variables  C11(M)...C15(M). 

C!L,(3Q,CH  at  AiMititinal  anmafaint*  to  linsrrihe  the  user  model.  Constants  correspond  to 
internal  variables  Q1(M),  Q2(M),  C8(M)  so  that  thqy  may  be  used  as 
artifidal/houn^ass  viscosity  coefBcients  if  desired.  If  houri^ass  viscosity 
is  required,  tb«w>  (31  must  be  used  for  hourslass  viscosity  coefficient. 

Card  5  finr  Jo]iiiaon*Cook  Fracture  Bfodel  (FRACT  ■  1  or  0)  (8F10.0)  — 

D1..J)5  z  (Constants  for  the  Johnson>CoQk  fracture  model  (Refierenoe  20). 

€f=[Dl  +  D2exp(D3*o*)l[l+D4-ln6*]  I1  +  D5T*] 

Where  e  ^  is  the  equivalent  strain  to  fracture  under  constant  conditions  of 

the  dimensionless  strain  rate,  e  *,  homologous  temperature,  T*,  and  the 
pressure-stress  ratio,  o*  =  On/S.  The  mean  normal  stress  is  Om  and  3  is 
the  von  Mises  equivalent  stress.  Expression  is  valid  for  o*  ^.5.  Damage 
is  computed  from  D  s  Zde/ef,  and  fracture  is  allowed  to  occur  when  D  » 
1.0. 

SPALL  =  Tensile  spall  stress  (negative  pressure)  at  which  fracture  can  occur 

(force/area). 

EFMIN  z  Minimum  fracture  strain  allowed.  For  o*>  1.5,  ef  varies  linearly  from  ef 

at  o*  =  1.5  to  EFMIN  at  =  SPALL 

SOFT  B  Coefficient  to  allow  the  material  to  soften  gradually,  rather  than  fracture 

instantaneously  at  D  «  1.0.  Material  begins  to  soften  when  D  z  (l.O  - 
SOFT)  and  then  linearly  softens  to  no  strength  at  D  z  1.0. 

Card  5  for  User  Fracture  Model  (FRACT  z  10)  (8F10.0)  —  This  card  describes  fracture 
constants  for  a  user-supplied  fracture  model.  The  user  must  inoorporate  the  model  into 
subroutine  UDAMAG. 


C21...C27  s  fVwi«t^nti  to  daifi  iho  mnr  moiVil  Constants  correspond  to  internal 
variables  C21Qif)...C27(M). 

SOFT  B  flnftaming  ooefiBcient  as  described  previously  with  Johnson-Cook  firactura 

model 

Card  6  far  8<dide  (SFIO^)  ~ 

CONDUCT  >  TTiermal  conductivity  (poweridistance/degrse). 

ALPHA  «  Vdumetric  coefficient  of  thermal  expansion  (d^iee 

Material  Card  far  Exploaivee  From  Library  (215)  —  Similar  to  the  card  for  the  solid 
materials  in  the  library  except  that  no  options  are  provided  for  fracture. 

MATL  s  Matorial  number.  It  must  be  in  the  range  of  1  throu^  100 

and  must  correspond  to  a  material  number  in  the  library. 

0  «  Code  to  specify  library  material 

Deecription  Card  for  Exploeivee  Input  Data  (215, 20X,  A50) — This  card  (and  one  or 
two  additional  cards)  specifies  the  material  constants  for  explosives. 

MATL  -  Material  number  specified  by  user.  ¥fill  supersede  library  material  data 

with  same  material  number. 

2  s  Code  to  specify  explosives  input  data. 

MATERIAL  s  Description  provided  by  user. 

DESCRIPTION 

Cmrd  2  for  Exploaivea  (7F10.0, 15)  — 

DENSITY  B  Material  density  (massArolxune). 

E9^R(?Y  B  Initial  internal  energy  in  explosive,  Eo  (energy/volume). 

DET  VEL  B  Detonation  velocity,  D  (distance/seomd). 


s 
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CL 


«  linear  artificial  viacowty  coefHdent  (CL  -  0.2). 

CQ  m  Quadratic  artifidalviioosi^coefiBcient(CQ«  4.0). 

CH  B  Hour^aia  artificial  viacoai^  coefficient  fiar  2D  quad  elemento,  3D  laidc 

elementa,  or  SD  compoaite  l»idc  elementa  with  preaaure  averaginf  option 
(CH-0.02). 

XI  B  Extra  material  variable  atorad  in  array  CIO. 

JWL  B  0  win  uae  Gamma  Law  equation  of  atate. 

B  1  wUl  uae  JWL  equation  of  atate. 

For  Gamma  Law.  the  preaaure  ia  determined  firum 

P»(Y-1)E/V 
where  V 

E  ia  the  internal  energy  per  initial  volume,  po  is  the  initial  density,  and  V 
B  VAr«  ia  the  relative  volume. 

JWL  Model  Conatanta  Card  for  JWL  B 1  (5F10i»  — 

C1...C5  B  Constanta  fin*  the  JWL  equation  of  state. 

For  the  JWL  model,  the  pressure  is  determined  from 

P  B  Cl  •  (1  -  C5/C2  V)  •  exp  (-C2  •  V) 

+  C3  •  (1  -  CV04  ^ .  exp  (-C4 .  ^ 

+  C6  E/V 


where  E  is  internal  energy  per  initial  volume  and  V  b  VAT,  is  <he  relative 
volume.  Cl  and  C3  have  the  units  o£  pressure  (foroe/area;  and  C2.  C4. 
and  C5  are  dimensionless. 
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Ifatwial  TtiI  for  rmthahliMT'iinrmtn  floHda  Friwn  I  llwij  ( ITIT.  trn  ft)  —  Identical 
to  Material  Card  ftr  Solida  from  libraiy.  DFRAC  appUea  to  damage  variaUea  EPF  and 
UPP. 

MAlli  «  Matmial  identifieatioo  number.  It  mnat  be  in  the  range  of  1  throu|^  100 

and  moat  ooReapond  to  a  material  number  in  the  library. 

0  ■  Code  to  apeciiyiibraxy  material. 

DAM  ■  0  trill  not  compute  material  damage. 

>  1  will  compute  material  damage. 

FAIL  >  0  will  not  allow  fracture  of  the  material  when  the  damage  ezoeeda  1.0, 

but  rather  will  continue  to  accumulate  the  damage. 

a  1  will  allow  the  material  to  fracture  partially  when  the  damage  exceeds 
1.0.  Partial  fracture  cauaes  shear  and  tensile  fiulure,  80  only 
oompreesive  hydrostatic  pressure  capability  remains.  Can  be  used  only 
with  DAM  a  1. 

DFRAC  a  Factor  lywhidilihraiy  fracture  strain  constants  (EPF,  UPF- darned 
later)  are  multiplied.  DFRAC  a  l.O  will  provide  the  eaact  library 
constants. 

EFAIL  a  Equivalent  plastic  strain,  or  volumetric  strain,  which,  if  occeeded,  will 

totally  fidl  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL  2  999,  the  cheek  for  total  frdlure  will  be  omitted. 

Description  Card  for  CmahablcfCoiierete  Solids  Input  Data  (616,  F6.0,  A60)  —  This 
card  (plus  four  additional  cards)  specifies  the  material  constants  fin*  a  crushable/concrete 
solid  material.  The  model  is  similar  to  die  Osborn  modd  used  in  the  HuU  code  (Reference 
21).  Note  that  the  final  version  of  EPIC  requires  one  more  card  than  the  1994  version. 

This  is  required  to  allow  fiv  input  of  heat  conduction  constants. 

MAIL  >  Material  number  specified  by  user.  Will  supersede  library  material  data 

widi  same  material  number. 

3  ■  Code  to  specify  Crushable/Concrete  Solids  input  data. 


I 


» 


I 
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DAM 


0  will  not  oompttte  material  damage. 


m  1  will  ocmipute  material  damage. 

FAIL  «  0  will  not  allow  fracture  the  material  when  the  damage  exceeds  1.0, 

hut  rather  will  oomtinue  to  accumulate  the  damage. 

>  1  will  allow  the  material  to  fracture  partially  when  the  damage  exceeds 
1.0.  Partial  fracture  causes  shear  and  tensile  fiulure,  so  only 
compressive  hydrostatic  pressure  qqmhili^  remains.  Can  be  used  only 
with  DAM  «1. 

MODEL  s  1  (or  0)  will  use  Osborn  model  (Reference  21). 

EFAIL  «  Equivalent  plastic  strain,  or  voltunetric  strain,  which,  if  exceeded,  will 

totaUyfidl  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL2  999,  the  dieck  for  total  feilure  will  be  omitted. 

MATERIAL  «  Description  provided  by  user. 

DESCRIPTION 

Card  %  for  MODEL  ■  1  or  0  (6P10,0)  —  The  following  constants  are  used  for  material 

fracture.  If  fracture  is  induded  (DAM  «  FAIL  « 1),  then  the  presence  of  erosion  andfer  low 

values  of  PMIN  can  provide  excessive  fracture  in  the  material. 

DENSITY  «  Material  density  (massArolume). 

SPH  HEIAT  B  Specific  heat  (workAnass/degree). 

TEMPI  «  Initial  temperature  of  the  matorial  (degree). 

EPF  B  Equivalent  jdastic  strain  at  which  all  cohesive  strength  is  lost 

UPF  B  Compressive,  volumetric  plastic  strain  (after  crushing  at  P  B  0)  at  which 

all  cohesive  strength  is  lost. 

Note:  Damage (O^D^Dis computed frtmiDB£(Aep/d^-«-AMp/Mp) where 
ASp  B  Increment  of  equivalent  plastic  strain 

s 
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m  Incnment  of  oomprsMive,  volumetric  plastic  strain 
-  EFP 
«  UFP 

Tlie  damage  is  also  set  to  D  s  1.0  if  the  Iqrdroetatic  tension  exceeds 
FlflN.  llierefars,  use  PBGN  >  0.  The  cohesive  portion  of  the  strength 
(Cl)  is  degraded  with  the  damage,  as  descrihed  on  the  next  card. 

XI  m  Extra  material  constant  stcued  in  the  D5  array. 

Card  S  for  Model  - 1  or  0(8F10^)  — 


SHEAR  MOD  «  Shear  modulus  c£  elasticity  (foroe/area). 

Cl,  C4  «  Constants  to  describe  the  material  strength,  o,  for  the  Osborn  model 

(fiaroe/area). 


o«(Cl(l-D)  +  C4-  PHl  +  CS  hte*] 

Only  the  cohesive  portion  o£  the  strength  (Cl)  is  degraded  by  the 
damage.  Note  that  the  damage  degradation  occurs  only  with  DAM  «  1 
and  FAIL  « 1.  If  DAM  s  1  and  FAIL  s  0,  the  damage  will  be 
accumulated  but  will  not  degrade  the  strength. 

SMAX  s  Maximum  strength  allowed  (force/area).  If  left  blank  (SMAX  s  0), 

strength  (o)  is  not  limited. 

CL  s  Linear  artificial  viscosity  coeflBdent  (CL -0.2). 

CQ  «  Quadratic  artificial  viscosity  coefiBdent  (CQ  -•  4.0). 


CH 


B  Hourglass  artificial  viscosity  coeflSden*  for  2D  quad  elements  or  3D 
composite  brick  elements  with  pressms  averaging  option  (CH  0.02). 


C3 


B  Ccmstant  to  describe  the  material  strength,  o.  See  equation  above. 
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Card  4  ftw  MCn>EL  - 1  or  0  (gPlO^) — 

m  Constants  to  deaeribe  the  pressure,  P,  for  the  Osbom  model.  The 
model,  and  specific  data  for  concrete,  are  diown  in  Figure  29.  The 
basic  model  can  also  be  used  for  other  crushaUe  solid  materials. 
FCRUSH,  Ell,  K2,  K3,  and  KLOCKhave  units  of  pressure  (force/area). 
UGRUSH  and  ULOCK  are  dimenirionleaa.  Both  PCRUSH  and 
UCRUSH  must  be  positive  (PCRUSH  >  0  and  UCRUSH  >  0),  and  th^ 
dmuld  define  a  reasonable  elastic  bulk  modulus 
(PCRUSHAJCRUSH). 

a  Kaamum  hydrostatic  tension  allowed  (foroe/area). 

Card  6  for  Cmahablc/Conerete  Solids  (2F10.0)  —Same  constants  as  used  for  Solids 
Materials. 

CONDUCT  a  Thermal  conductivity  (powm/distance/degree). 

ALPHA  a  Volumetric  coefiSdent  of  thermal  expansion  (degree  *^). 

Material  Card  for  liquids  From  library  (21S,  ISX,  FB.0)  —Similar  to  the  cards  for 
other  library  materials.  Total  failure  is  allowed  through  EFAIL. 

BIATL  a  Material  identification  number.  It  must  be  in  the  range  of  1  throuifo  100 

and  must  correspond  to  a  material  number  in  the  library. 

0  a  Code  to  specify  library  material. 

EFAIL  a  Equivalent  plastic  strain,  or  volumetric  strain,  which,  if  exceeded,  will 

totally  foil  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL  2  999,  the  dieck  for  total  failure  will  be  omitted. 

Description  Card  for  liquids  Input  Data  (215,  ISX,  F6.0,  A50)  —  This  card  (plus  two 
additional  cards)  specifies  the  material  constants  for  liquids. 

MATL  a  Material  number  specified  by  user.  WiU  supersede  library  material  data 

with  same  material  number. 

4  a  Code  to  specify  Liquids  input  data. 


PCRUSH 

UCRUSH, 

K1,K2,KS, 

KLOCK, 

ULOCK 


PMIN 


•  • 


9 


9 


9 


9 


9 


9 


i 


9 


9 
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EFAIL 


Equivalent  plastic  strain,  or  vdumetiic  strain,  which,  if  exceeded,  will 
totally  &il  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL2  999,  the  chedc  for  total  failure  ^ill  he  omitted. 


I 


MATERIAL  *  Description  provided  by  user. 

DESCRIPnON 

Cardi  2  Ibr  Uquide  (6F10.0)  — 

DENSITY  B  Material  density  (mass/volume). 

SFH  HEAT  B  Specific  heat  (work^mss/degree). 

TEhlPl  B  Initial  temperature  of  the  material  (degree). 

VISCOSnY  B  Viscoeity  coefficient  for  liquids  (f<nce>second/area). 

CONDUCT  B  Thermal  conductivity  (power/distance/degree). 

ALPHA  B  Volumetric  coefficient  of  thermal  expansion  (degree 
Card  8  for  Liquids  (8F10.0)  —  Same  constants  as  used  for  Solids  Materiab. 

Kl,  K2,K3  B  Cubic  coefficients  for  the  Mie-Gruneisen  Equation  of  State  (foroe/area). 

P  =  (Kip  +  K2p2  +  K3pS)  (1  -  rW2)  +  FE,  (1  +  p) 

where  p  b  p/p^  - 1  and  Eg  is  internal  energy  per  initial  volume. 

r  B  Gruneisen  coefficient  for  Mie-Gruneisen  equation  of  state. 

PMIN  B  Maximum  hjrdroetatic  tension  allowed  (force/area). 

CL  B  linear  artificial  viscosity  coefficient  (CL  •  0.2). 

CQ  B  Quadratic  artificial  viscosity  coefficient  (CQ  B  4.0). 

CH  B  Hourglass  artificial  viscosity  coefficient  for  2D  quad  elements  or  3D 

composite  brick  elements  with  pressure  averaging  option  (CH  »  0.02). 


» 


I 


» 


» 


» 


» 
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Bfaterial  Card  fnrBDG  Modal  Solids  From  Library  (815, 10X,FB.0)—  Siimlarto 
wifriawjfil  card  tot  solids  firom  Ubrary.  Qusstions  regarding  this  model,  should  he  dizected  to 
A  M  Ri^aniiran  thft  A""r  ^ffSftWiTh  ^  whois  the  primary  developer  of  this 

model 

MATL  s  Material  identificatum  numher.  Itmustheintherangeoflthroui^KX) 

and  must  oonrespond  to  a  material  niunher  in  the  library. 

0  B  Code  to  specify  library  matmial. 

DAM  B  0  will  not  permit  niideation  and  growth  of  voids. 

s  1  will  permit  nudeation  and  growth  of  voids. 

EFAIL  B  Equivalentplasticstrain,(urvolumetric8train,  which,  if  exceeded,  will 

totally  fail  the  element  sudi  that  it  produces  no  stresses  or  pressures.  If 
EFAIL  i  999,  the  check  for  total  failure  will  be  omitted. 


Description  Card  for  RDG  Model  Solids  Input  Data  (315,  lOX,  F5.0,  A50)  — This  card 
(plus  six  additional  cards)  specifies  all  the  material  constants  to  describe  ductile  failure  in 
solids  using  the  RDG  model  (References  22, 23,  and  24).  Two  options  are  available  for  the 
strength  model.  The  following  instructions  fiar  the  RDG  model  are  firom  Reference  24. 


MATL  B  Material  number  specified  by  user.  Will  supersede  library  material  data 

with  same  material  niunber. 


11 

DAM 


EFAIL 


B  Code  to  specify  RDG  model  input  data. 

B  0  will  not  permit  nudeation  and  growth  of  voids. 

B  1  will  permit  nudeation  and  growth  of  voids. 

IS  Equivalent  plastic  strain,  or  volumetric  strain,  which,  if  exceeded,  will 
totally  fail  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL  2  999,  the  check  for  total  failure  will  be  omitted. 


MATERIAL  b  Description  provided  user. 
DESCRIPTION 
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Card  2  for  RDG  Model  (6F10.0, 15)  — 

DENSITY  =  Material  densi^  (massArolume). 

SPH  HEAT  s  Specific  heat  (work^iasa/degree). 

TEMPI  Initial  temperature  of  the  material  (degree). 

TROOM  s  Room  temperature  (degree). 

TMELT  s  Melting  temperature  of  the  material  (degree). 

TZERO  =  Absolute  zero  temperature  (degree). 

MODEL  a  1  Specifies  Johnson-Cook  strength  model. 

a  5  Specifies  Bodner-Partom  visooplastic  strength  model. 

Card  3A  for  Johnaon-Cook  Strength  Model  (MODEL  a  1)  (8F10^)  —  This  card 
describes  the  strength  of  the  intact  material,  using  the  Johnson-Cook  model  (Reference  12). 
Model  is  identical  to  that  described  previously  for  solids,  except  that  the  plastic  strain  rate 
is  used  here  instead  of  the  total  strain  rate. 

SHEAR  MOD  a  Shear  modulus  of  elasticity  (force/area). 

Cl,  C2,N,  C3,  a  Constants  to  describe  the  mateiial  strength,  o,  using  the  Johnson-Cook 
M,  C4,  SMAX  model. 

Card  SB  for  Johnaon-Cook  Strength  Modd  (MODEL  a  i)  (F10.0)  — 

DO  a  Maximum  allowable  plastic  strain  rate,  with  units  of  s*!-.  It  will  be  set  to 

a  default  value  of  DO  a  lo8  s*l,  if  left  blank. 

Card  SA  for  Bodner-Partom  Strength  Model  (MODEL  a  6)  (8F10J))  —  This  card  and 
the  following  one  describes  the  strength  of  the  intact  material,  using  the  Bodner-Partom 
model  (References  15, 16,  and  17).  Model  is  identical  to  that  described  previously  for  solids, 
except  that  an  additional  thermal  softening  factor  is  available.  Note  that,  for  the  RDG 
model,  the  material  strength  is  represented  by  Y  instead  of  o. 


I 


K 


» 


I 


K 
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SHEiAR  MOD  =  Shear  modulus  of  elasticity  (foroe/area). 


Z0,Z1.N0. 
Nl,  MO.  Ml, 
ALPHA 


s  Constants  to  describe  the  strength  of  the  matrix  (intact)  material,Yj||, 
using  the  Bodner-Partom  viscoplastic  model. 


{Z1  -  (Z1  -  Z0)e-M0  wt  ,  Ml,  ALPHA  =  0 

(MO  +  Ml-M) 

Z1  -  (Z1  -  Z0)e-M0  wt  e - .  Ml,  ALPHA  >  0 


M  =  MO  +  Mle-<ALPHA  Wi) 


N  = 


(Nl-TZERO) 

(T-TZERO) 


.Nl^TZERO 
,  N1  >  TZERO 


Card  SB  for  Bodner*Partom  Strength  Model  (MODEL  ■  5)  (2F10,0)  — 

DO,  C7  s  Constants  to  describe  the  strength  of  the  matrix  (intact)  material,  Ym 

using  the  Bodner*Partom  viscoplastic  model. 


Card  4  for  RDG  EOS  Model  (8F10.0)  —  This  is  identical  to  the  Mie-Gruneisen  EOS  used 
for  Solid  Materials. 


Kl,  K2,  K3  s:  Cubic  coefficients  for  the  Mie-Gruneisen  Equation  of  State  (foroe/area). 

P  =  (Kip  +  K2p2  +  K3p3)  (1  -  rM/2)  +  FE,  (1  +  p) 

where  p  «  p/pg  - 1  and  Eg  is  internal  energy  per  initial  volume. 

r  s  Gruneisen  coefficient  for  Mie-Gruneisen  equation  of  state.  If  the  heat 

conduction  option  is  being  used  (CDUCT  &  1  on  the  Prep  Miscellaneous 
Card)  with  an  RDG  material,  the  voliimetric  expansion  must  ocoir 
through  r ,  because  a  volumetric  expansion  coefficient  cannot  be  used. 
An  approximate  relationship  is  as  follows: 


Tl4280b 


76 


r  sKi  o/pc 


» 


where  K1  is  the  hulk  modulus,  a  is  the  volumetric  coefficient  of  thennal 
expansion,  p  »  DEINSnY  is  the  density,  and  C  s  SPH  HE^T  is  the 
specific  heat. 

PMIN  K  Maximum  hydrostatic  tension  allowed  (foroe/area). 

CL  B  linear  artificial  viscosity  coefficient  (CL  «  0.2). 

CQ  B  Quadratic  artificial  viscosity  coefficient  (CQ  ■>  4.0). 

CH  B  Hoxirglass  artificial  viscosity  coefficient  for  2D  quad  elements,  3D  brick 

elements,  or  3D  composite  brick  elements  with  pressure  averaging  option 
(CH  -  0.02). 

Card  5  for  RDG  model  (8F10.0)  —  This  card  describes  the  constants  used  to  model 

nudeation,  coalescence,  and  collapse  of  voids. 

FS,  SIGMAM,  s  Constants  for  void  nudeation  due  to  stress. 

SS 

FE,  EPSLNM,  B  Constants  for  void  nudeation  due  to  strain. 

SE 


Hie  void  volume  fraction  nudeation  rate  is  expressed  as, 

fn  =  Fo(Y„  +  P„)  +  FeDS. 


FE 


^^^here  Ym,  Pm,  and  are  effective  stress,  pressure,  and  equivalent 

idastic  strain  in  the  matrix  (intact)  material.  SIGMAM  and  EPSLNM 
are  the  mean  equivalent  stress  and  strain,  respectively,  around  which 
the  nudeaticm  stress  and  strain  are  distributed  in  a  Gaussian  manner. 


I 


I 


» 


I 


» 


I 


» 
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SS  SE  are  the  standard  deviations  of  these  distributions,  and  FS  and 
FE  define  the  maximuni  allowable  void  volume  firactions  due  to  stress 
and  strain  nudeation,  respectively.  SIGMAM  and  SS  have  iinits  of 
stress  (foroe/area),  and  the  others  are  dimensionless. 

For  stress>driven  void  nudeation,  FS  and  SIGMAM  must  both  be  greater 
than  zero.  If  left  blank,  SS  will  be  set  to  the  default  value  of 
1/4SIGMAM.  For  strain-driven  void  nudeation,  FE  and  EPSLNM  must 
both  be  greater  than  zero.  If  left  a  blank,  SE  will  be  set  to  the  default 
value  of  1/4EPSLNM.  If  appropriate,  void  nudeation  maybe 
simultaneoiisly  driven  by  stress  and  strain. 

FCRTTS  =  Critical  void  voliime  firaction  for  spall  (coalescence  of  voids). 

0  <  FCRTTS  ^  0.99.  If  left  blank,  FCRITS  will  be  set  equal  to  0.99. 

FCRITC  =  Critical  void  volume  fraction  for  instantaneous  void  collapse. 

0  ^  FCRITC  <  1. 


Csurd  6  for  RDG  Model  (4F10.0)  —  This  card  describes  the  strength  of  the  aggregate 
(void-containing)  material,  and  the  heat  conduction  constants  (described  previously  for 
Solids  Materials). 


YFBETA,  YFN  s  Constants  to  describe  the  strength  of  the  aggregate  (void-containing) 
material,  Ya,  using  a  pressure-dependent  yield  function. 


/3Yg,6(p)-9P^(l-p2) 
V  (2  -h  p2) 


5(p)  = 


g(p)  -  g(0) 
g(l)-g(0) 


6’(1)  =  YFBETA 


Where  p  is  relative  density,  Yn^s  the  strength  of  the  matrix  material,  P 
is  the  pressure  in  the  aggregate  material,  and  K  is  a  modd  parameter 
that  is  uniquely  determined  firom  YFBETA  and  YFN.  YFBETA  and  YFN 
are  dimensionless. 


CONDUCT  s  Thermal  conductivity  (power/distance/degree).  Note  that  for  the  RDG 
model  there  is  no  volumetric  ooeffident  of  thermal  expansion.  Instead, 
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the  volumetric  expansion  must  be  included  through  the  Gruneisen 
coefficient,  F,  in  the  equation  of  state. 


Description  Card  for  User  Model  Input  Data  (416, 6X,  F6.0,  A50)  —  This  card  (plus 
five  additional  cards)  specifies  constants  for  a  user  model  that  includes  strength  and 
pressure  and  firacture  (optional).  The  user  must  incorporate  these  models  into  subroutine 
USTRES.  It  is  recommended  that  the  constants  in  the  first  two  cards  be  used  in  the  same 
manner  as  they  are  for  solid  materials.  Also,  for  the  final  version  of  EPIC,  the  last  two 
constants  (formerly  C31  and  C32)  have  been  changed  to  the  heat  conduction  constants 
(CONDUCT  and  ALPHA),  as  described  previoudy  for  Solids  Materials. 


MATL  =  Material  number  specified  user.  Will  supersede  library  material  data 

with  same  material  number. 


10 

DAM 


FAIL 


s  Code  to  specify  user  model. 

=  0  wiU  not  compute  material  damage. 

=  1  will  compute  material  damage. 

=  0  will  not  allow  firacture  of  the  material  when  the  damage  exceeds  1.0, 
but  rather  will  continue  to  accumulate  the  damage. 

s  1  will  allow  the  material  to  firacture  partially  when  the  damage  exceeds 
1.0.  Partial  firacture  causes  shear  and  tensile  failure,  so  only 
compressive  hydrostatic  pressure  capabilify  remains.  Can  be  used  only 
with  DAM  s  1. 


EFAIL  s  Equivalent  plastic  strain,  or  volumetric  strain,  which,  if  exceeded,  will 

totally  fiul  the  element  such  that  it  produces  no  stresses  or  pressures.  If 
EFAIL  ^  999,  the  dieck  for  total  foilure  will  be  omitted. 

MATERIAL  >  Description  provided  by  user. 

DESCRIPTION 


Card  2  for  User  Input  Model  (SFKMl)  —  Same  as  used  in  Solid  Materials. 
DENSITY  >  Material  density  (massArolume). 


» 


» 


I 


» 


I 


» 
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SPHHEAT 


s  Specific  heat  (work/mass/degree). 


TEMPI  s  Initial  temperature  of  the  material  (degree). 

TROOM  s  Room  temperature  (degree). 

SHEAR  MOD  s  Shear  modulus  of  elasticity  (fiuce/area). 

CL  s  Linear  artificial  viscosity  coefiOdent  (CL  -  0.2). 

CQ  =  Quadratic  artificial  viscosity  coefficient  (CQ  «  4.0). 

CH  =  Hourglass  artificial  viscosity  coefficient  for  2D  quad  elements,  3D  brick 

elements,  or  3D  composite  brick  elements  with  pressure  averaging  option 
(CH  -  0.02). 

Card  3  for  User  Input  Model  (8F10.0)  — 

C0...C7  s  Constants  to  describe  user  model.  Constants  correspond  to  internal 

variables  C(XM)...C7(M). 

Card  4  for  User  Input  Model  (8F10.0)  — 

C9...C16  s  Constants  to  describe  the  user  model  Constants  correspond  to  internal 
variables  C9(M)...C16(M). 

Card  5  for  User  Input  Model  (8F10.0)  — 

C17...C24  =  Constants  to  describe  tlm  user  model  Constants  correspond  to  internal 

variables  C17(M)...C24(M). 

Card  6  for  User  Input  Model  (8F10,0)  — 

C25...C30  «  Constants  to  describe  the  user  model.  Constants  correspond  to  internal 

variables  C2S(M)...C30(M). 

CONDUCT  >  Thermal  conductivity  (power/distanoe/degree). 

ALPHA  s  Vdumetric  coefficient  of  thermal  expansion  {degree  *^) 
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b.  Node  Geometry 


I 


Node  geometry  data  are  required  for  the  prqjectile  nodes  and  the  target  nodes. 

These  data  can  be  input  as  lines  of  nodes,  various  rod  shapes,  nose  shapes,  flat  plates, 
and/or  spheres.  PATRAN  generated  data  can  also  be  used.  The  input  data  are  summarised 
in  Figure  3.  One  ttiniftnuinniil  geometry  (GEOM  s  1, 2, 3)  is  taken  along  the  Z  axis  at  X/R  » 
0  and  Y/9  «  0.  Two  dimensional  geometry  (GEOM  s  4, 5, 6, 7)  has  the  Z  coordinate  positive 
upward  and  the  R  coordinate  positive  to  the  rii^t.  Three  dimensional  geometry  (GEOM  » 
8)  has  the  Z  coordinate  positive  upward  and  X  coordinate  positive  to  the  ri^ht  when  looking 
in  the  positive  Y  direction.  The  node  numbers  must  not  exceed  the  dimension  of  the  node 
arrays,  and  they  need  not  be  numbered  in  any  special  oi^r.  They  should,  however,  be 
generally  numbered  consecutively  so  that  blodm  of  nodes  can  be  formed  for  vectorized 
computations. 

Line  of  Nodes  Description  Card  (215,  IQLSIl,  25X,  215,  F10.0)  —  Two  cards  are 
required  for  each  line  of  nodes  to  be  generated.  The  nodes  may  be  numbered  consecutively 
or  incremented  by  INC,  and  the  nodes  may  he  uniformly  or  variably  spaced.  Refer  to 
Figure  13  for  more  details. 


1 

NNODE 

IX/R 


lY/T 


IZ 


N1 


=  Identification  number  for  line  of  nodes  geometry. 

s  Total  number  of  nodes  in  the  row  of  nodes. 

s  0  wiU  not  restrain  nodes  in  X/R  direction. 

=  1  will  restrain  nodes  in  X/R  direction. 

=  0  will  not  restrain  nodes  in  Y/B  directi<m. 

s  1  will  restrain  nodes  in  Y/6  direction. 

«  0  will  not  restrain  nodes  in  Z  direction. 

*  1  will  restrain  luxles  in  Z  directicm. 

B  Number  ofthe  first  node  ofthe  line  of  nodes. 

Note:  If  N1  exceeds  the  15  fonnat  (2100,000),  set  N1  >  -1  and  then  read 
N1  on  the  following  card  in  110  format 


I 


» 


» 


I 


B 
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INC  m  Node  number  increment  between  corresponding  nodes.  Leave  blank  if  a 

•ingle  node  is  to  be  generated. 

EXPAND  «  Factor  by  which  the  distance  between  nodes  ie  multiplied  going  from  the 
first  node  to  the  last  node.  EXPAND  &  1.0  gives  uniform  spacing.  See 
Figure  13  for  effects  (^various  expansion  factors. 

Line  of  Nodes  Coordinate  Card  (BFlOifl)— Tliis  card  reads  the  coordinates  of  the  two 
end  nodes  in  a  line  df  nodes. 

X/Rl  as  X/R  coordinate  of  the  first  node  (distance). 

Y1  s  Y  coordinate  (3D  only)  of  the  first  node. 

Z1  B  Z  coordinate  of  the  first  node. 

X/RN  s  X^  coordinate  of  the  last  node.  Leave  blank  if  a  single  node  is 

generated. 

YN  s  Y  coordinate  of  the  last  node. 

ZN  B  Z  coordinate  of  the  last  node. 

Rod  (Disk)  Node  Description  Card  (1015, 8F1(M»  —  Two  or  more  cards  are  required  for 
each  rod  shape  to  be  generated.  Ihe  rod  shape  geometiy  descriptions  fiar  both  2D  and  3D 
geometries  are  given  in  Figures  20  and  22.  For  2D  geometiy  the  first  node  is  at  the  ujqier 
left  comer  of  the  rod  shape,  and  the  nodes  are  numbered  across  each  layer  woridng  down. 
Radial  restraints  on  the  centerline  nodes  are  jarovided  when  NIR  b  0.  Either  the  primaiy 
only  or  both  the  primaiy  and  seoondaiy  (crossed  triangle)  nodes  may  be  generated  in  the 
rod  geometry. 

For  3D  geometry  the  rod  is  always  generated  in  a  vertical  positioa  about  the  Z  axis.  When 
viewed  from  the  positive  Z  directum,  the  nodes  are  numbered  consecutivdy 
counterclockwise,  inner  to  outer  and  downward.  When  a  half-rod  is  generated,  normal 
restraints  are  provided  on  the  {danecff  symmetry  at  YbO.  A  full  rod  can  also  be  generated. 
Hie  fiill  rod  is  a  mora  recent  addition  and  is  qiedfied  with  the  RAD  options.  Hus  indirect 
input  option  is  necessary  to  maintain  input  compatibility  with  eaiiier  versions.  Either  the 
•yasiaetric  or  non-symmetric  arrangeoMnt  of  elements  can  be  used. 


The  nodes  on  the  top  and  bottom  surfaces,  fisr  both  2D  and  3D,  may  be  generated  unifiarmly, 
read  in  individually,  or  computed  by  analytic  functions.  They  can  also  be  used  to  generate 
nodes  finr  shell  elements  by  setting  NP12^  s  1  or  by  setting  NOR  »  NIR.  The  rotation  of  the 
rod  for  oblique  impact  is  obtained  with  a  Scale/Sbift^totate  Card. 

2  s  Identification  number  for  rod  nodes  geometry. 

NOR  s  Outer  node  ring  number. 

NIR  s  Inner  node  ring  number.  For  a  solid  rod  in  2D  azisymmetiic  geometry 

(GEOM  s  6, 7)  or  3D  geometry  (GEOM  &  8)  set  NIR  s  0.  This  will  assign 
the  centerline  nodes  to  the  Z  axis  and  will  restrain  these  nodes  in  the  R 
direction  for  the  2D  geometry.  Do  not  use  NIR  «  0  for  2D  geometry  if  the 
inner  ting  is  not  on  the  z  axis  (R  =  0). 

Note:  For  both  2D  and  3D  geometry,  the  number  of  rings  of  nodes  is 
NOR  -  NIR  +  1.  For  2D  geometry,  the  specific  values  of  NOR  and  NIR 
ate  not  important;  it  is  only  the  difference  (NOR  -  NIR)  which  affects  the 
number  of  rings.  For  3D  geometry,  however,  the  specific  ring  numbers 
(NOR,  NIR)  detennine  the  number  of  nodes  (and  elements)  around  the 
drcumfiBience  of  the  rod.  For  the  hollow  rod  in  Figure  20,  NOR  s  5 
specifies  21  nodes  around  the  outer  drcumference,  and  NIR  «  2  specifies 
9  nodes  around  the  inner  circumferenoe. 

NPLN  s  Number  ofhorizontal  planes  ofnodes  (not  including  the  secondary  no^ 

if  CROS  «  1).  If  NPLN  K  1,  do  not  read  node  data  for  bottom  of  rod. 

RAD  =  1  gives  uniform  radial  spacing  at  the  top  and  bottom  of  the  rod  (for  a 

half-rod). 


•  11  gives  uniform  radial  spacing  at  the  top  and  bottom  of  the  rod  (for  a 
fuUrod). 

M  2  requires  all  radial  coordinates  at  top  and  bottom  of  rod  to  be  input 
individually  (for  a  half-rod). 

m  12  requires  all  radial  coordinates  at  top  and  bottom  of  rod  to  be  input 
individually  (finr  a  full  rod). 


» 


» 
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AX 


CROS 


JOIN 


N1 


NTOP 


B  3  will  read  input  data  Car  2D  dicular  or  3D  spherical  shapes  (fior  a  half¬ 
rod)  to  be  generated  about  a  point  which  is  not  on  the  Z  axis.  Must  be 
used  with  AX  >  3. 

»  13  will  read  input  data  for  3D  spherical  shapes  (for  a  full  rod)  to  be 
generated  about  a  point  which  is  not  on  the  Z  axis.  Must  be  used  with 
AX«3. 

B  0  requires  all  top  axial  coordinates  to  be  ZTOP  and  all  bottom 
coordinates  to  he  ZBOT. 

B  1  requires  axial  coordinates  at  the  top  and  bottom  of  the  rod  to  be 
generated  with  an  analytic  function. 


B  2  requires  all  axial  coordinates  to  be  input  individually. 

B  3  must  be  used  with  RAD  &  3  or  13  as  described  previously. 


B  0  will  not  generate  secondary  nodes  fin*  either  the  2D  or  3D  geometry. 

B  1  will  generate  secondary  nodes  for  2D  crossed  triani^e  geometry  or  3D 
symmetric  brick  arrangements. 

B  0  will  not  eliminate  any  nodes. 

B  1  will  eliminate  the  top  row  of  nodes,  such  that  a  rod  can  be  joined  to  the 
bottom  of  a  previously  input  rod. 

B  Number  of  the  first  node  in  the  rod.  If  the  join  option  is  used  (JOIN  *  1), 
then  N1  should  be  identical  to  the  innermost  (lowest  number)  node  on 
the  bottom  of  the  previously  input  rod  to  whidi  the  join  is  being  made. 

B  0  wiU  use  the  input  values  ofAX  and  RAD  to  define  the  top  sur&oe  of  the 
rod. 

>  0  will  override  the  input  values  of  AX  and  RAD  to  define  the  top  surfiMe 
of  the  rod.  The  coordinates  of  node  N1  will  be  equated  to  those  of  node 
NTOP.  Similariy,  the  oomrdinates  of  node  N1  1  will  be  eqiiated  to  thoee 
idNTOP  *  1,  etc.,  until  all  nodes  on  the  top  surface  are  equated  to 


ftTiating  nodes.  The  AX  and  RAD  cations  will  be  used  for  the  bottom 
surface  of  the  rod.  For  this  option  (NTOP  >  0),  the  Scale/Shift/Rotate, 
etc.,  values  used  for  both  surfaces  (which  contain  nodes  N1  and  NTOP) 
miist  be  identical. 

Note:  If  N1  and/or  NTOP  exceed  the  15  format  (2100,000),  set  N1  ^  -1 
and  then  read  N1  and  NTOP  on  the  following  card  in  2110  format. 

ZTOP  s  The  constant  Z  coordinate  of  the  top  surface  for  AX  =  0,  or  the  top 

centerline  Z  coordinate  for  NIR  =  0  and  AX  »  2  (distance). 

2SBOT  s  TlieoonstantZcoordinateofthehottomsurfacefor  AX  sO,  or  the  bottom 

centerline  Z  coordinate  for  NIR  =  0  and  AX  =  2. 

EXPAND  s  Factor  by  which  the  distance  between  corresponding  nodes  in  the  vertical 
direction  is  multiplied  going  firom  top  to  bottom.  EXPAND  s  1.0  gives 
uniform  spacing  in  the  vertical  direction. 

Full  Rod  Position  Card  for  RAD  >10  (2F10.0)  —  Tliis  card  is  required  to  locate  the  X 

and  Y  position  of  a  full  rod  when  it  is  in  a  vertical  position,  parallel  to  the  Z  axis. 

XCG  s  Center  of  fuU  rod  in  the  X  direction  (distance).  Corresponds  to  vertical 

position,  before  SCALE/SHIFT/ROTATE  options. 

YCG  s  Center  of  full  rod  in  the  Y  direction  (distance). 

Rod  Node  Radii  Card  for  RAD  -  1  or  11  (4F10,0)  — 

ROTOP  =  Outer  radius  of  the  rod  top  (distance). 

RTTOP  a  Inner  radiiis  of  the  rod  top. 

ROBOT  s  Outer  radius  of  the  rod  bottom. 

RIBOT  «  Inner  radius  of  the  rod  bottmn. 


Bod  Node  Top  Radii  Cards  for  RAD  >  2  or  12  (8F10.0)  — 

RTCNIR)...  B  Radius  of  each  ring  of  nodes  at  the  top  of  the  rod  (distance).  One  or 
RIXNOR)  more  cards  as  required.  If  NIR  »  0,  then  begin  with  RT(1),  as  RT(0) 

will  be  set  to  RT(0)  =  0. 

Rod  Node  Bottom  Radii  Cards  for  RAD  »  2  or  12  (8F10^)  — 

RBCNIR)...  B  Radius  of  each  ring  of  nodes  at  the  bottom  of  the  rod.  Onewmore 
RB(NOR)  cards  as  required.  If  NIR  s  0,  then  begin  with  RB(1),  as  RB(0)  will  be 

set  to  RB(0)  =  0.  Skip  this  card  for  special  case  of  NPLN  »  1. 

Rod  Node  Top  Surfooe  Card  for  RAD  *  3  or  13  and  AX  ■  3  (215, 7F10.0)  —  This  option 
allows  2D  circular  and  3D  spherical  shapes  to  be  generated  about  a  point  which  is  not  on 
theZazis.  The  nodal  spacing  in  the  X/R-Z  plane  is  at  equal  angular  intervals. 


TYPE 


CLOCK 

RTO 

ZTO 

RTl 

ZTl 


B  1  ends  the  fSar  end  of  the  shape  by  specifying  the  X^  coordinate  at  the 
end  of  the  shape. 

B  2  ends  the  far  end  by  spedfying  the  Z  coordinate. 

B  3  ends  the  far  end  by  specifying  an  incremental  angle  firom  the  near  end. 

B  0  generates  the  surface  in  a  counterclockwise  direction. 

B  1  generates  sxurface  in  a  clockwise  direction. 

B  The  X/R  coordinate  at  the  center  of  the  2D  circular  or  3D  spherical 
section  (distance). 

B  The  Z  coordinate  at  the  center  of  the  2D  circular  or  3D  spherical  section 
(distance). 

B  The  X^  coordinate  at  the  beginning  of  the  circulaz/spherical  section  at 
node  N1  (distance). 

B  The  Z  coordinate  of  node  N1  (distance). 
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RTN 


The  X/R  coordinate  at  the  far  end  of  the  circular/spherical  section 
(distance).  Use  only  fiar  TYPE  s  1. 


ZTN 


The  Z  coordinate  at  the  far  end  of  the  drcular/spherical  section 
(distance).  Use  only  for  TYPE  s  2. 


TT 


The  included  angle  in  the  drcular/spherical  section  (degrees).  Must 
always  be  positive  as  direction  is  specified  with  CLOCK  Use  only  for 
TYPE  =  3. 


Rod  Node  Bottom  Surface  Card  for  RAD  >  3  or  13  and  AX  ■  8  (215»  TFIOjO)  —  Similar 
to  the  previous  card  for  the  top  surface.  Skip  this  card  for  the  special  case  of  NPLN  =  1. 


TYPE 


s  1  ends  the  far  end  of  the  shape  by  spedfying  the  X/R  coordinate  at  the 
end  of  the  shape. 


=  2  ends  the  far  end  by  specifying  the  Z  coordinate, 
s  3  ends  the  fiar  end  by  specifying  an  incremental  angle  fiiom  the  near  end. 


CLOCK 


=  0  generates  the  surface  in  a  coimterclockwise  direction. 


s  1  generates  svurfaee  in  a  dockwise  direction. 


RBO 


The  X/R  coordinate  at  the  center  of  the  2D  circular  or  3D  spherical 
section  (distance). 


ZBO 


Ihe  Z  coordinate  at  the  center  of  the  2D  drcular  or  3D  spherical  section 
(distance). 


RBI 


The  X/R  coordinate  at  the  beginning  of  the  drcular/spherical  section  at 
node  N1  (distance). 


ZBl 

RBN 


The  Z  coordinate  of  node  N1  (distance). 

The  X/R  coordinate  at  the  far  end  of  the  drcular/spherical  section 
(distance).  Use  only  for  TYPE  s  1. 
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ZBN  s  The  Z  coordinate  at  the  far  end  of  the  drculai/spherical  section 

(distance).  Use  only  &r  TYPE  =  2. 

TB  s  Tlie  included  angle  in  the  drculai/spherical  section  (degrees).  Must 

always  be  positive  as  direction  is  specified  with  CLOCK.  Use  only  for 
TYPE  =  3. 

Rod  Node  Top  Surfiaoe  Card  for  AX  « 1  (8F10.0)  — 

Ac,  Ai, ...  A?  =  Coeffidents  of  the  analytical  function  describing  the  top  surface 


Ztop  =  Ao  +  Ajr  +  ...  +  A«i«  A7  (1  -  coe  0) 


where  6  is  the  angle  firom  the  Z  ads. 

Rod  Node  Bottom  Surfooe  Card  for  AX  «  1  (8F10.0}  — 

...  B7  a  CoefGdents  of  the  analytical  function  describing  the  bottom  surface 

Zbot  =  Bo  +  Bjr  + ...  +  Boi*  +  B7  (1  -  coe  0) 

Skip  this  card  for  special  case  of  NPLN  a  1. 

Rod  Node  Top  Surfooe  Cards  for  AX  a  2  (8F10.0)  ~ 

ZTXNIR)...  a  Top  Z  coordinate  of  each  ring  of  nodes  (distance).  One  or  more  cards  as 
ZTXNOR)  required.  IfNIRaO,thenbegmwithZT(l),asZT(0)willbesetto 

ZT(0)  a  ZTOP. 

Rod  Node  Bottom  Surfooe  Cards  for  AX  •  2  (8F10.0)  — 

ZB(NIR)...  a  Bottom  Z  coordinate  of  each  ring  of  nodes.  One  or  more  cards  as 
ZB(NOR)  required.  If  NIR  a  0,  then  begin  with  ZB(1),  as  ZB(0)  will  be  set  to 

ZB(0)  a  ZBOT.  Skip  this  card  for  special  case  of  NPLN  a  l 

Nose  Node  Deaeription  Card  (7IS,  SX*  18,  SX,  2F10.0)  —  One  or  more  cards  are  required 
for  eadi  nose  shape  to  be  generated.  Tlie  nose  shape  geometries  for  both  2D  and  3D  are 
given  in  Figures  21  and  22.  The  nodes  at  the  rod  interfoce  are  not  generated  with  the  nose 
generator  and  must  therefiMre  be  previously  generated  with  the  rod  generator.  The  first 


node  (Nl)  must  be  the  next  consecutive  node  after  the  last  node  (N1  - 1)  generated  hy  the 
rod  generator.  Ilie  nose  shapes  are  always  generated  pointing  downward,  and  the  nodes 
are  generally  numbered  downward,  and  inner  to  outer. 

For  2D  geometry  the  nodes  on  the  centerline  (R  s  0)  are  restrained  in  the  R  direction.  For 
3D  geometry,  when  a  half-nose  is  generated,  restraints  are  provided  in  the  Y  direction, 
normal  to  the  plane  of  symmetry  (Y  »  0).  A  ftill  nose  can  also  he  generated  in  3D  geometry. 
The  full  nose  is  a  more  recent  addition  and  is  specified  with  the  RAD  options.  This  indirect 
input  (^tion  is  necessary  to  maintain  input  compatibility  with  earlier  versions.  The 
number  of  rings  must  be  identical  for  the  rod  and  the  nose. 


3 

TYPE 


NOR 

NIR 


s  Identification  number  for  nose  nodes  geometry. 

s  1  will  generate  a  conical  nose. 

s  2  will  generate  a  rounded  nose.  If  the  length  of  the  nose  is  equal  to  the 
radius,  a  hemispherical  nose  is  generated. 

s  3  will  generate  a  tangent  (^val  nose.  The  length  of  the  ogival  nose 
cannot  be  less  than  the  radius  of  the  nose  at  the  rod-nose  interface. 

=  Outer  node  ting  number.  Must  be  identical  to  that  of  the  corresponding 
rod  at  the  rod-nose  interftu:e. 

=  Inner  node  ring  number.  Must  he  identical  to  that  of  the  corresponding 
rod. 


RAD 


=  1  gives  uniform  radial  spacing  at  the  rod-nose  interface  (for  a  half-nose). 

s  11  gives  uniform  radial  spacing  at  the  rod-nose  interface  (for  a  full  nose). 

=  2  requires  all  radial  coordinates  at  the  rod-nose  interfisce  to  be  input 
individually  (for  a  half-nose). 

s  12  requires  all  radial  coordinates  at  the  rod-nose  interface  to  be  input 
individually  (for  a  full  nose). 


s 
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AX 


CROS 


N1 


ZTOP 

Z&ON 


B  0  ghree  unxfiinB  spacing  of  the  minimum  (tip)  Z  cocsrdinates  of  eadi  ring. 
Hie  rad-nose  interface  is  at  Z  >  ZTOP  and  the  tip  of  the  outer  ring  is  at  Z 


«  2  requires  all  miTiimnm  (tip)  Z  coordinates  to  be  input  individually. 

«  0  will  not  generate  secondary  nodes  fiir  either  the  2D  on  the  SD 
geometry. 

s  1  will  generate  secondary  nodes  for  2D  crossed  triani^e  geometry  or  3D 
symmetric  brick  arrangements. 

s  Hie  first  node  in  the  nose.  It  must  be  the  next  consecutive  node  after  the 
last  node  (N1  -1)  generated  by  the  rod  generator. 

Note:  If  N1  exceeds  the  15  format  (^100,(XX)),  set  N1  s  -1  and  then  read 
Nl  on  the  following  card  in  HO  format. 

s  Hie  Z  coordinate  of  the  rod-nose  interface  (distance). 

s  The  minimum  (tip)  Z  coordinate  of  the  outer  ring  for  AX  =  0. 


Full  Nose  Position  Card  for  RAD  >10  (2F10.0)  •—  This  card  is  required  to  locate  the  X 
and  Y  position  of  a  full  nose  when  it  is  in  a  vertical  position,  parallel  to  the  Z  axis.  Similar 
to  the  Full  Rod  Position  Card. 


XCG  s  Center  of  full  rod  in  the  X  direction  (distance).  Corresponds  to  vertical 

position,  before  SCALE/SHIFT/ROTATE  options. 

YCG  s  Center  of  full  rod  in  the  Y  direction  (distance). 


Nose  Node  Top  Radii  Card  for  RAD  « 1  or  1 1  (2F10.0)  — 

ROTOP  «  Top  outer  node  radius  at  rod-nose  interfiace  (distance). 

RTTOP  «  'Top  inner  node  radius  at  rad-nose  interfsce. 

Nose  Node  Top  Radii  Cards  for  RAD  «  2  or  12  (8F10.0)  — 
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Rr(NIR)...  m  Tiq;>  radius  (tfeach  ring  ofnodes  at  the  rod>iuMeinterfiEioe  (distance).  If 

RT(NOR)  NIR  s  0  then  begin  with  RFC  1),  as  RIXO)  will  be  set  to  RT(0)  s  0.  One 

or  more  cards  as  required. 

Noae  Node  ZMIN  Cards  Ibr  AX  >  2  (gPlOO) — 

ZMIN(NIR)...  s  hfinimum  (tip)  Z  coordinates  for  each  ring  of  nodes  (distance). 

ZMINCNOR)  If  NIR  •  0  then  begin  with  ZMIN(1),  as  ZMIN(0)  will  be  set  to 

Z!dIN(0) «  ZTOP.  One  rar  more  cards  as  required. 

Flat  Hate  Dcscripti<m  Card  (1015,  SF10.0)  —  Two  cards  are  required  finr  each  flat  plate 

to  be  generated.  There  is  one  option  for  2D  geometiy  (TYPE  s  1)  and  three  cq>tions  finr  3D 

geometry  (TYPE  =  2, 3, 4). 

4  s  Identification  n^unber  for  flat  plate  geometry. 

TYPE  s  1  generates  a  2D  flat  plate  as  shown  in  Figure  23. 

s  2  generates  a  3D  circular  flat  plate  as  shown  in  Figure  24. 

=  3  generates  a  3D  rectangular  flat  plate  where  the  nodes  are  generated  in 
horizontal  planes  as  shown  in  the  upper  portion  of  Figure  25. 

as  4  generates  a  3D  rectangular  flat  plate  where  the  nodes  are  generated  in 
vertical  planes  as  shown  in  the  lower  portion  of  Figure  25. 

NX/R  s  Total  number  of  nodes  in  the  R  direction  for  2D  gemnetry  (TYPE  k  i)  and 

the  total  number  of  nodes  in  the  X  direction  fin*  the  3D  rectangular  flat 
plate  geometries  (TYPE  «  3, 4).  For  the  3D  circular  flat  plate  gemnetry 
(TYPE  s  2),  NX^  is  the  number  of  rings  of  nodes.  Same  as  NOR  fin*  the 
rod  generator. 

NY  s  Total  number  of  nodes  in  the  Y  direction  for  3D  geometiy.  For  TYPE  =  3 

and  4  only. 

NZ  s  Total  number  (rf*  nodes  in  the  Z  direction. 


FIX 


0  will  not  restrain  any  nodes. 


CROS 


JOIN 


N1 
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■  1  will  restram  uamiB  nodes.  For  2D  geometry  (TYPE  >  1),  will  restrain  in 
the  radial  direction  at  R  B  0,  if  RMIN  s  0. 

For  3D  geometiy  (TYPE  «  2, 3, 4)  will  restrain  nodes  in  the  Y  directUm  at 
Y  B  0,  if  Y1 B  0.  Will  not  restrain  nodes  for  full  circular  plate  (TYPE  b  2 
andFULLBl). 


B  0  will  not  generate  secondaiy  nodes  fbr  either  the  2D  or  the  3D  geometry. 
Must  use  CROS  b  0  with  JOIN  b  4. 


B  1  will  generate  secondary  nodes  for  2D  crossed  trian^e  geometry  or  3D 
fjmmetric  arrangement. 


s  0  will  not  eliminate  any  nodes. 

B  1  wiU  eUmisate  the  top  horizontal  row  of  nodes  fior  2D  geometiy  (TYPE  s 

1) ,  the  top  horizontal  plane  nodes  for  3D  geometry 

(TYPE  B  2, 3),  and  the  first  vertical  plane  of  nodes  (parallel  to  X-Z  plane) 
&r  3D  geometiy  (TYPE  B  4).  Hus  allows  a  plate  to  be  joined  to  another 
previously  generated  plate. 

B  2  will  eliminate  the  left  vertical  row  (Anodes  finr  2D  geometry  (TYPE  B  1) 
and  the  left  vertical  plane  of  nodes  (paralld  to  Y-Z  plane)  fiir  3D 
(horizontal  layer)  geometry  (TYPE  b  3),  and  the  left  vertical  plane  of 
nodes  for  3D  (vertical  liQrer)  geometry  (TYPE  s  4).  Hiis  option  (JOIN  b 

2)  requires  proper  description  of  INC  described  later. 

s  3  will  combine  the  efbcts  of  JOIN  b  l  and  JOIN  b  2.  It  also  requires  a 
proper  description  of  INC. 

B  Numberofthefiir8tnodeintheplateasindicatedinFigures23, 24,  and 
25.  When  using  the  JOIN  opticm,  N1  should  be  identical  to  the 
corresponding  node  generated  previously. 

Note:  If  N1  exceeds  the  15  format  (21(X),000),  set  N1  b  -1  and  then  read 
N1  on  the  following  card  in  110  format. 
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INC 


X/R-EXPAND 

Y-EXPAND 

Z-EXPAND 


m  Nods  number  incrament  between  2D  Hues  of  nodes  and  3D  planes  of 
nodes.  Recjuirsd  only  when  plates  are  joined  together. 

Fbr  2D  gsometiy  (with  JOIN  «  2  or  3)  INC  is  the  node  number  increment 
between  conteeponding  nodes  in  the  vertical  Z  direction.  This  allows  the 
final  plate  (composed  of  multiple  individual  plates)  to  have  the  nodes 
numbered  continuously  ficoni  left  to  ri|^t  and  to  bottom.  Elements 

can  later  be  input  as  a  sin^  shape. 

Far  3D  gemnetiy  (with  JOIN  s  2  or  3)  INC  is  the  node  number  increment 
between  oonesponding  nodes  in  the  vertical  Z  direction  (TYPE  s  3),  and 
corresponding  nodes  in  the  horisontal  Y  direction  (TYPE  s  4). 

For  the  3D  plates  (TYPE  »  3  or  4)  with  secondary  nodes  (CROS  s  l),  INC 
can  be  determined  fixun  the  following: 


INC»6  NXT  NYT-3NXT-3  NYT  +  2  (TYPE  =  3) 
INC  =  6  •  NXT  •  NZT  -  3  NXT  -  3  •  NZT  +  2  (TYPE  =  4) 


Where  NXT,  NYT,  and  NZT  are  the  total  number  o£  nodes  (for  the 
combined  plate)  in  the  X,  Y,  and  Z  directions,  respectively. 

When  there  are  no  secondary  nodes  (CROS  ^  0)  then  INC  s  NXT  >  NYT 
for  type  «  3  and  INC  =  NXT  •  NZT  finr  TYPE  «  4. 

Factor  by  which  the  X/R  distance  between  nodes  is  multiplied  in  the 
variable  RPART  and  XPART  spacing  sections  for  TYPE  s  1, 3, 4. 
Applied  to  radial  direction  for  the  3D  circular  flat  plate  (TYPE  s  2). 

Factor  by  which  the  Y  distance  between  nodes  is  multiplied  in  the  Y 
variable  spacing  sections  for  3D  rectangular  flat  plates  (TYPE  «  3, 4). 

Factor  by  which  the  Z  distance  between  nodes  is  multiplied  in  the  Z 
variable  spacing  section,  moving  downward. 
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SD  Flat  Plate  Card  for  TYPE  ■  1  (215*  2S&0»4F10.0)<—lliu  card  complete*  the 
deacription  of  the  2D  flat  plate  (TYPE  >  1),  as  ehown  in  Figure  23.  The  first  node,  Nl,  is  at 
the  RMIN,  ZMAX  comer  of  the  plate  and  the  nodes  are  numbered  across  the  plate  woridng 
down.  Flat  i>lat—  hngignntal  topa  and  hottiwns,  and  vertical  sides.  They  may  be  joined 

tnp  >v>^^«Tri  (with  AT  withiwit  "twAftfl  t***"gl**l  if  th^  JOIN  m  1  option  is  used,  OT  Side  to 
side  if  the  JOIN  »  2  coition  is  used  and  the  node  number  increment,  INC,  is  equal  to  the 
tiiiinl<ir  nf  nodos  (primary  and  tfy«rtn<tjity)in  tha  radial  diraetiniL.  A  JOIN  s  3  (qition 
can  also  be  uaed.  WAginwa  ■rith  ti#w<»l  sparing  may  Ka  ifirliid^  tt>«  RMA3C  «nd 

and/or  the  ZMIN  end. 

NREND  «  Number  of  nodes  in  the  R  variable  node  spacing  section.  The  node  at  the 
division  between  the  uniform  and  the  variable  spacing  sections  is 
included  in  this  number.  Set  NREND  s  0  for  uniform  spacing  in  the  R 
direction  and  set  NREND  s  NXfll  for  variable  spacing  only.  When  JOIN 
s  4,  only  NX/R  -1  nodes  are  available  fiur  variable  spacing. 

NZEND  at  Number  ofnodes  in  the  Z  variable  node  spacing  section.  The  iu>de  at  the 

division  between  the  uniform  and  the  variable  spacing  sections  is 
included  in  this  number.  Set  NZEND  «  0  for  uniform  spacing  in  the  Z 
direction  and  set  NZEND  «  NZ  for  variable  spacing  only.  Must  use 
NZEND  a:  0  for  JOIN  »  4. 

RPART  s  Fractional  part  of  the  radial  length  occuined  by  the  variable  spacing.  Set 

RPART  s  0  for  uniform  spacing  in  the  radial  direction. 

ZPART  =  Fractional  part  of  the  axial  length  occupied  by  the  variable  spacing.  Set 

29’ART  =  0  for  uniform  spring  in  the  axial  direction. 

RMAX  s  Maximum  R  coordinate  of  the  plate  (distance). 

RMIN  s  Minimum  R  coordinate  of  the  plate. 

ZMAX  «  Maximum  Z  coordinate  of  the  plate. 

ZMIN  s  Minimum  Z  coordinate  of  the  plate. 

8D  Circular  Flat  Plate  Card  for  TYPE  -  2  (215, 2F5J),  15, 5X,  3F10.0)  —  This  card 
completes  the  description  of  the  3D  circular  flat  plate  (TYPE  «  2),  shown  in  Figure  24.  The 
nodal  arrangement  is  identical  to  that  of  a  solid  rod,  with  first  node  Nl  at  the  top  center 
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» 


» 


•  •  • 


Tl4280b 


94 


» 


the  flat  i^te.  This  feometry  optioo  allows  tor  radial  eiqMmsioii  factenrs,  which  are  not 

ofiered  in  the  rod  geometry.  Both  a  full  and  half-plate  are  available. 

NREND  s  Number  of  nodes  in  the  radial  variable  node  spacing  sectkm.  The  node  at 
the  division  between  the  uniform  and  variable  spacing  sections  is 
induded  in  this  number.  Set  NREND  *0  Bar  uniform  radial  spacing  and 
NREND  «  NX^  fiar  variable  spacing  only . 

NZEND  K  Number  of  ru)des  in  the  Z  variable  node  spacing  section.  The  node  at  the 
division  between  the  unifirrm  and  variable  spacing  sections  is  included  in 
this  number.  Set  N2<BND  *  0  for  unifiarm  spacing  in  the  Z  direction  and 
NZEND  s  NZ  for  variable  spacing  only. 

RPART  s  FractionalpartofRADIUSoccupiedby  the  variable  spacing.  SetRPART 

B  0  for  uniform  spacing  in  the  radial  direction. 

ZPART  s  Fractional  part  of  the  axial  length  occupied  by  the  variable  spacing.  Set 

ZPART  s  0  for  unifinm  spacing  in  tbe  axial  direction. 

FULL  =  0  gives  a  half-plate,  as  shown  in  Figure  24,  with  a  plane  of  symmetry, 

s  1  gives  a  full  plate  without  a  plane  of  symmetry. 

RADIUS  s  Radius  of  the  circular  plate  (distance). 

ZMAX  s  Maximum  Z  coordinate  of  the  plate  (distance). 

ZMIN  s  Minimum  Z  coordinate  of  the  plate. 

Pull  Circular  Plate  Card  for  FULL  ■  1  (2F10.0)  —  This  card  is  required  to  locate  the  X 

and  Y  positions  of  a  full  plate  when  it  is  in  a  vertical  position,  parallel  to  the  Z  axis. 

XCG  s  Center  of  a  full  plate  in  the  X  direction  (distance).  Corresponds  to 

vertical  position,  before  SCALE/SHIFT/ROTATE  options. 

YCG  s  Center  of  full  plate  in  the  Y  direction  (distance). 
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SD  Bcetangolar  Flat  Plate  Card  for  TYPE  ■  3  (2I5y  2F5Xly  6F10jO)  —  Tliis 
feaerates  in  horiaontal  planes  fiir  3D  plates.  The  following  descriptions  refisr  to  the 
upper  portion  of  Figure  25. 


NYEND 


XPART 


YPART 

XI 

Y1 

Z1 

XN 


«  The  number  of  nodes  in  the  X  direction  in  each  of  the  two  variable  X 
spacing  regions.  The  node  at  the  division  between  the  uniform  and  the 
variable  spacing  sections  is  included  in  this  number.  The  spacing  is 
determined  by  X/R-EXPAND  and  the  fractional  length  hy  XPART.  In 
Figure  25,  NXEND  s  4.  Depending  on  whether  NX  is  odd  or  even, 
NXEND  can  have  a  TwwtriTnnm  value  of  either  (NX/R  -f  1V2  or  (NX/Ry2, 
respectively,  unless  the  special  option  discussed  in  XPART  is  used.  The 
remaining  middle  X  region  (if  any)  is  uniformly  spaced.  Set  NXEND  s  0 
for  uniform  spacing  in  the  X  direction. 

=  Ihe  number  ofnodes  in  the  Y  direction  in  the  variable  Y  spacing  region. 
The  node  at  the  division  between  the  uniform  and  the  variable  spacing 
sections  is  included  in  this  ntunber.  Spacing  is  determined  by  Y- 
EXPAND  and  the  fractional  length  by  YPART.  In  Figure  25,  NYEND  « 
4.  NYEND  can  have  a  maximum  value  of  NY.  The  remaining  Y  region 
(if  any)  is  unifrnrmly  spaced.  Set  NYEND  =  0  for  uniform  spacing  in  the 
Y  direction. 

s  Fractional  part  of  the  total  X  length  of  the  flat  plate  occupied  by  each  of 
the  two  variable  X  spacing  regions  for  0  ^  XPART  ^  0.5.  If  XPART  s  0.0, 
the  entire  spacing  in  the  X  direction  is  uniform. 

A  special  option  for  XPART  »  1.0  will  give  variable  spacing  from  XI  to 
XN. 

>  Fractional  part  of  the  total  Y  length  of  the  flat  plate  occupied  by  the 
variable  Y  spacing  region. 

m  The  itiinitniim  X  Coordinate  of  tlie  plate  shape  (distance). 

«  The  minimiinn  Y  coordinate  of  the  plate  shape. 

s  The  maximum  Z  coordinate  of  the  plate  shape. 

s  The  maximum  X  coordinate  of  the  plate  shape. 
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YN  «  The  maximum  Y  coordinate  of  the  plate  shape. 

ZN  m  The  minimum  Z  coordinate  of  the  ;date  ihape. 

SO  Rectangular  Flat  Plate  Card  for  TYPE  >  4  (215,  2F5jO,  6F10XI) — This  option 

generates  nodes  in  vertical  planes.  See  lower  porti(m  of  Figure  25  for  description. 

NXEND  m  The  niimber  of  nodes  in  the  X  direction  in  eadi  of  the  two  varialdeX 

spacing  regions.  The  node  at  the  divisitm  between  the  uniform  and  the 
variable  spacing  sections  is  included  in  this  number.  The  spacing  is 
determined  by  X/R-EXPAND  and  the  fractional  length  Iqr  XPART.  In 
Figure  25,  NXEND  =  4.  Depending  on  whether  NX  is  odd  or  even, 
NXEND  can  have  a  maximum  value  of  either  (NX/R  4-iy2  or  (NX/Ry2, 
respectively,  unless  the  special  option  discussed  in  XPART  is  used.  The 
remaining  middle  X  region  (if  any)  is  uniformly  spaced.  Set  NXEND  s  0 
for  uniform  spacing  in  the  X  direction. 

NZEND  M  The  number  of  nodes  in  the  Z  direction  in  the  variable  Z  spacing  region. 

The  node  at  the  division  between  the  uniform  and  the  variable  spacing 
secti<ms  is  included  in  this  number.  SpacingisdeterminedbyZ- 
EXPAND  and  the  fractional  length  by  ZPART.  In  Figure  25,  NZEND  s 
4.  NZEND  can  have  a  maximum  value  of  NZ.  The  remaining  Z  region  (if 
any)  is  uniformly  spaced.  Set  NYEND  s  0  for  uniform  spacing  in  the  Z 
direction. 

XPART  s  Fractional  part  of  the  total  X  length  (if  the  flat  plate  occupied  by  each  of 

the  two  variable  X  spacing  regions  for  0  XPART  ^  0.5.  If  XPART  =  0.0, 
the  entire  spacing  in  the  X  direction  is  uniform. 

A  special  option  for  XPART  &  1.0  will  give  variable  spacing  from  XI  to 
XN. 

ZPART  «  Fracti<mal  part  of  the  total  Z  length  of  the  flat  plate  occupied  by  the 

variable  Z  spacing  region. 

XI  s  The  minimum  X  coordinate  of  the  plate  shape  (distance). 

Y1  s  The  minimum  Y  coordinate  of  the  plate  shape. 
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21  m  Hie  maxunum  Z  ooordinate  of  the  plate  shape. 

XN  s  The  nuajinum  X  coordinate  of  the  plate  shape. 

YN  m  The  mazimuni  Y  coordinate  of  the  plate  shape. 

ZN  at  The  tninimiim  Z  Coordinate  of  the  plate  shape. 

Sphere  Node  Description  Card  (815,  IS,  15, 5X,  15, 5X,  15,  SFIO^)  —  CNoe  or  more 
cards  are  required  fixreadi  sphere  shape  to  be  generated.  The  element  arrangements  are 
■iiwilar  to  those  used  for  the  rounded  nose  geometries  shown  in  Figure  21.  For  2D  geometry 
the  first  node,  Nl,  is  the  central  node  and  the  nodes  are  numbered  consecutively  in  the 
dodcwise  direction,  starting  at  the  central  node  and  workmg  outwards  ring  by  ring.  Either 
primary  only  or  both  primary  and  secondary  (crossed  trian^e)  nodes  may  be  generated  in 
the  sphere  geometry.  Nodes  at  R  «  0  are  restrained  in  the  radial  R  direction. 

For  3D  geometry,  when  a  half-sphere  is  generated,  Y  restraints  are  provided  normal  to  the 
vertical  plane  of  symmetry  at  Y  s  0.  The  sphere  is  generated  vrith  the  nodes  numbered  as 
two  rounded  drcular  rmees  having  an  inter&ce  between.  The  top  nose  is  generated  first; 
viewed  from  the  positive  Z  directian,  thia  gerreratian  is  counterdockwise,  upwards  and 
inner  to  outer.  The  bottom  nose  is  generated  with  the  interface  included  with  each 
spherical  shell;  this  generation  viewed  fitom  the  positive  Z  direction  is  counterdockwise, 
downwards  and  inner  to  outer.  A  fiill  sphere  is  also  available.  The  full  sphere  is  a  more 
recent  addition  and  is  specified  with  the  RAD  options.  This  mdirect  input  option  is 
necessary  to  maintain  input  compatibility  with  earlier  versions. 

5  s  Identification  number  for  sphere  nodes  geometry. 

NOR  s  Outer  node  ring  number. 

NIR  s  Inner  node  ring  number. 

RAD  •  0  gives  uni&nn  radial  spacing  of  the  rmdal  rings  (fin*  a  half  sidiere). 

s  10  gives  uniform  radial  spacing  of  the  nodal  rings  (for  a  full  sphere). 

s  2  requires  radii  of  individual  rings  of  nodes  to  be  input  individually  (for  a 
half  sphere). 


s  12  requixes  radii  of  individual  rings  of  nodes  to  be  input  individually  (for 
a  full  sphere). 

CROS  s  0  will  not  generate  secondary  nodes  for  either  the  2D  or  3D  geometiy. 

s  1  will  generate  secondary  nodes  for  2D  crossed  triani^e  geometry  or  the 
SD  symmetric  arrangement 

N1  s  Number  of  the  first  node  in  the  sphere.  It  is  the  center  node  finr  solid 

spheres,  and  at  the  inner  radius  for  hollow  spheres. 

Note:  If  N1  exceeds  the  IS  format  (^100, ()(X)),  set  N1  s  -1  and  thoo  read 
N1  on  the  following  card  in  110  format 

RO  «  Outer  sphere  radius  for  RAD  =  0  (distance). 

RI  s  Inner  sphere  radius  for  RAD  =  0.  Set  RI  =  0  for  solid  sphere. 

ZCG  m  Z  coordinate  at  the  center  of  the  sphere  (distance). 

Full  Sphere  Position  Card  for  RAD  ^10  (2F10.0)  —  This  card  is  required  to  locate  the  X 
and  Y  positions  of  a  full  sphere. 

XCG  «  CG  of  full  sphere  in  X  direction  (distance).  Applied  before 

SCALEl/SHIFT/ROTATE  options. 

YCG  s  CG  of  full  sphere  in  Y  direction. 

Sphere  Node  Radii  Cards  fSor  RAD  •  2  or  12  (SFlOi))  — 

R(NIR)...  «  Radius  ofeach  ring  ofnodes  in  the  sphere  (distance).  IfNIRsO,  then 

R(NOR)  begin  with  R(l),  as  R(0)  will  be  set  to  R(0)  =  0.  One  or  more  cards  as 

required. 

PATRAN  Node  Card  (SIS)  —  lliis  option  allows  the  user  to  generate  nodes  with 
PATRAN,  and  then  to  incorporate  them  into  the  EPIC  Preprocessor.  Ihe  PATRAN  file  will 
be  read  firom  E3*IC  file  designation  INPAT.  The  specific  designation  is  defined  later. 
Expanded  description  provided  later  for  PATRAN  Element  Card. 
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At  present  (mly  node,  element,  and  nodal  displacement  data  packets  (IDs  1, 2, 8)  are 
interpreted  by  the  program.  All  others  are  discarded.  As  a  consequence,  the  neutral  file 
need  not  contain  Geometry  Model  (Phase  1)  or  GFECj/CFEG  table  packets.  This  should 
reduce  the  file  size  substantially. 

Translatimial  restraints  xnay  be  placed  on  individual  nodes  with  either  the  GFEG  command 
or  the  unprompted  DISP  command.  Do  not  apply  rotaticmal  restraints  as  these  are  not 
used  by  EPIC.  For  nodes  with  constraints  applied  by  both  methods,  the  restrictions 
specified  in  the  DISP  command  will  take  precedence.  The  translator  will  automatically 
place  restraints  on  those  nodes  defined  in  the  above  manner.  No  additional  input  is 
required. 

888  =  Code  to  direct  EPIC  to  read  PATRAN  file. 

N1  =  Lowest  node  number  in  PATRAN  file  to  be  read  and  translated  to  EPIC 

data.  Specific  node  number,  Nl,  must  exist  in  PATRAN  file.  The  EPIC 
node  numbers  are  identical  to  the  PATRAN  node  numbers. 

If  multiple  groups  of  nodes  are  input  from  PATRAN,  it  is  recommended 
that  the  groups  be  read  in  order  of  increasing  node  number.  This 
provides  for  efficient  reading  of  the  file. 

NN  a  Highest  node  number  in  PATRAN  file  to  be  read  and  translated.  Specific 

node  number,  NN,  must  exist  in  the  PATRAN  file. 

Note:  If  Nl  and/or  NN  exceed  the  15  format  (^KXl.OOO),  set  Nl  a  -l  and 
then  read  Nl  and  NN  on  the  following  card  in  2110  format. 

Node  Scale/Shift/Rotate  Identification  Card  (15)  —  This  option  allows  the  user  to 
change  the  Scale/Shift/Rotate  Card  data  during  the  course  of  generating  projectile  and/or 
target  nodes.  It  is,  therefore,  not  necessary  to  use  the  same  Scale/Shift/Rotate  card  data  for 
all  projectile  nodes  or  for  all  target  nodes. 

999  =  Code  to  read  a  new  Scale/Shifi/Rotate  card  next. 

New  Scale/Shilt/Rotate  Card  (TFlOi),  2F5.0)  —  These  input  data  redefine  the 
Scale/Shifi/Rotate  and  remain  in  effect  imtil  another  Scale/Shift/Rotate  card  is  read. 


i 


X/RSCALE  B  Redefined  scale  factor  by  which  the  R  coordinaten  (2D)  or  X  coordinatmt 
(3D)  of  nodes  are  multiplied.  Applied  after  the  coordinate  shifts 
(X/RSHIFT,  ZSHIFT)  and  before  the  rotations  (ROTATE/SLANT) 
described  later. 

YSCALE  s  Factor  by  which  the  Y  coordinates  are  multiplied  finr  3D  geometry.  Leave 
blank  for  ID  or  2D  geometry. 

ZSCALE  s  Factor  which  the  Z  coordinates  are  multiplied. 

X/RSHlFT  s  Increment  added  to  the  X/R  coordinates  of  all  prcgectile  nodes  (length). 

Applied  before  the  scale  factors  (X/RSCALE,  YSCALE,  ZSCALE). 

ZSHIFT  s  Increment  added  to  the  Z  coordinates  (length). 

ROTATE  s  Redefined  rotation  about  X/RO  and  ZO  in  the  R-Z  plane  (2D),  or  the  X-Z 
plane  (3D),  of  nodes  (degrees).  Applied  after  the  coordinate  shifts 
(X/RSHIFT,  ZSHIFT)  and  the  scale  factors  (X/RSCALE.  ZSCALE): 
Clockwise  is  positive  for  2D,  and  for  3D  when  looking  in  a  positive  Y 
direction. 

SLANT  =  The  angle  (degrees)  used  to  redefine  the  X/R  coordiirates  of  nodes,  with 

the  relationship 

X/R«w  =  X/Roh  +  (Z  -  ZO)  tan  (SLANT). 

This  takes  vertical  lines  of  nodes  and  aligns  them  at  an  angle,  SLANT, 
with  the  vertical.  Applied  after  the  other  SCALE/SHIFT/ROTATE 
options. 

X/RO  s  X/R  reference  coordinate  for  the  ROTATEVSLANT  options. 

ZO  =  Z  reference  coordinate  for  the  ROTATE/SLANT  options. 

c.  Element  Geometry 

The  element  data  are  required  to  be  consistent  with  the  node  data  for  the  projectile 
and  the  target.  Thus,  a  series  of  composite  elements,  rod  elements,  nose  elements,  flat 
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{date  elements,  and  sphere  elements  may  be  created.  PATRAN  generated  data  can  also  be 
used.  In  addition,  chunks  can  be  specified  with  the  element  cards.  The  input  data  are 
summarised  in  Figure  4.  Tlie  element  data  for  these  shapes  are  entered  individually  in  the 
1o<^tiAT>s  identified  in  Figure  1.  There  is  no  limit  to  the  number  of  shapes  that  may  be  used 
in  the  prcgectile  or  the  target.  Figure  19  shows  the  element  types  that  can  be  used  with  the 
various  geometries  and  material  types. 

The  element  number  must  not  exceed  the  dimensions  of  the  element  arrays,  and 
they  will  automatically  be  numbered  consecutively. 

It  is  strongly  recommended  that  2D  triangular  elements  be  used  in  a  crossed 
triangle  arrangement  and  that  3D  tetrahedral  elements  be  used  in  a  symmetric 
arrangement.  This  provides  increased  accuracy  for  many  applications  (References  25, 26, 
27).  It  is  important  to  note  that  the  2D  crossed  triangle  or  3D  symmetric  arrangement 
allows  for  larger  composite  sizes  when  compared  to  a  simple  quad  or  brick  element.  Figure 
16  shows  the  sizes  of  various  composite  arrangements  for  equal  individual  element 
volumes. 

The  2D  quad  elements  cannot  be  used  for  azisymmetric  geometry  with  spin  (GEOM 
=  7)  and  the  nonreflective  boimdary  elements  cannot  be  used  with  Explosive  materials.  Bar 
and  shell  elements,  and  plane  stress  geometry  can  use  only  solid  materials  (MTYFE  »  1). 
The  non>reilective  elements  caimot  use  explosive  materials  (MTYPE  e  2). 

The  2D  shell  elements  with  bending  are  based  on  the  algorithms  of  Belytschko,  Lin 
and  Tsay  (Reference  28),  and  the  3D  brick  elements  are  based  on  the  algorithm  of  Flanagan 
and  Belytschko  (Reference  29). 

Series  of  Individual  and  Composite  Elements  Card  (1415,  F10.0)  —  One  card  is 
required  for  each  series  of  individual  or  composite  elements  to  be  generated.  A  summary  of 
the  various  elements  is  provided  in  Figure  18.  See  also  Figures  14  through  17.  A  range  of 
ID,  2D,  and  3D  elements  can  be  generated.  The  nonreflective  elements  can  be  used  to 
decrease  the  grid  by  absorbing  wave  reflections  at  the  boundaries  (Reference  30).  There  are 
two  types  of  2D  shell  elements.  The  first  indudes  membrane  stresses  only,  and  is  based  on 
an  incompressible  assumption.  The  other  2D  shell  element  indudes  bending  and  is  also 
based  on  an  incompressible  assumption.  The  3D  bar  and  shell  elements  are  similar  to  the 
2D  shell  elements  with  membrane  stresses  only. 

i 
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=  Identification  niunber  far  series  of  elements. 


MATL 


Material  number  tor  the  series  of  elements. 


NCOMP 

N1-N8 


s  Number  of  composite  elements  to  be  generated. 

s  Node  numbers  which  describe  the  first  of  the  composite  elements.  See 
Figure  18  to  determine  how  the  various  elements  are  input. 

For  ID  geometiy,  node  N1  must  have  a  higher  Z  coordinate  than  node 
N2. 

For  2D  geometry,  the  shell/bar  element  will  plot  the  thickness  on  the  left 
side  of  a  line  going  firom  node  N1  to  N2.  Also,  for  a  group  shell 
elements  input  with  this  card,  the  elements  must  be  attached  to  one 
another  and  form  a  continuous  string  of  elements. 

The  triangular  elements  require  the  nodes  to  he  input  in  a 
ooimterdockwise  manner.  A  single  triangular  element  (Nl,  N2,  N3)  is 
generated  when  N4  =  0  and  two  triangular  elements  (Nl,  N2,  N3  and  Nl, 
N3,  N4)  will  be  generated  when  N4  >  0  and  N5  »  0.  Four  triangular 
elements  are  generated  when  N5  >  0  and  one  quad  element  is  generated 
when  N5  s  -1.  Quad  elements  cannot  he  used  with  azisymmetric  (plus 
spin)  geometzy  (GEOM  s  7). 

For  3D  geometry,  tetrahedral,  brick,  bar,  shell,  and  nonreflective 
elements  are  available.  Ihe  tetrahedral  elements  require  nodes  Nl,  N2, 
N3  to  be  ooimterdockwise  when  viewed  from  node  N4.  This  option  is 
exercised  when  N5  «  N6  &  N7  »  N8  »  0.  Six  individual  tetrahedral 
elements  are  generated  when  Nl..  J^8  are  positive  and  BRICK  s  0.  A 
single  8-node  (constant  stress)  brick  element  is  generated  when  Nl ...  N8 
are  positive  and  BRICK  s  l.  For  both  cases,  nodes  Nl,  N2,  N3,  N4,  and 
nodes  N5,  N6,  N7,  N8  are  counterclockwise  when  looking  firom  node  Nl 
to  N5,  as  shown  in  Figure  15.  (kmposite  wedge  elements,  each 
containing  three  individual  tetrahedral  elements,  can  also  be  generated. 
If  N2  s  N6  =  0,  the  first  three  tetrahedral  elements  (A,  B,  C)  are  defined 
by  nodes  Nl,  N3,  N4,  N5,  N7,  N8  as  shown  in  Figure  15.  likewise,  if  N4 
s  N8  s  0,  the  first  three  elements  (D,  E,  F)  are  defined  by  nodes  Nl,  N2, 
N3,N5,N6,N7. 


Note:  If  any  node*,  N1-N8,  exceed  the  15  fbnnat  (2100,000),  eet  N1  ■  -1 
and  read  N1-N8  on  the  fidlowing  card  in  8110  format 


INC 


SHELL 


•  Ihe  node  number  increment  added  to  the  node  numbers  of  the  previouB 
composite  element  for  the  next  composite  element 

An  of  input  data  for  SD  composite  brick  elements  is  shown  in 

Figure  17.  In  the  upper  left  it  can  be  seen  that  there  are  four  rows 
nodes  (1  to  4, 5  to  8, 9  to  12,  IS  to  16),  whidi  are  arranged  to  contain 
three  composite  brick  elements.  If  the  first  element  is  numbered  1,  then 
the  first  composite  bride  oemtains  elements  1  to  6,  the  second  contains  7 
to  12,  and  the  third  contains  13  to  18.  The  first  composite  brick  is 
defined  by  nodes  N1 « 1.  N2  «  5,  NS  >  9,  N4  « 18,  N5  s  2,  N6  c  6,  N7  B 
10,andN8«14.  Note  that  N1  to  N4  and  N5  to  N8  are  counterdodewise 
when  loddng  firom  N1  to  N6.  The  six  individual  elements  are  generated 
according  to  the  arrangement  and  order  (A,  B,  C,  D,  E,  F)  shown  in  the 
upper  portion  of  Figure  15.  The  node  niunbers  fin*  eadi  successive  brick 
are  simply  INC  =  1  greater  than  those  of  previous  bridL  For  the  second 
brick,  for  instance,  N1  =  1  1  s  2,  N2  >  5  1  s  6,  NS  s  9  1  b  10,  N4  s 

13 -f  1 B  14,  N5  =  2  •I' 1 B  S,  N6  B  6 -I- 1 B  7,  N7  B 10 -1^  1 B 11,  and  N8  B 14 
+  1  B  15. 

B  0  indicates  a  sdid  ID,  2D,  or  3D  element. 

s  1  indicates  a  bar  or  shell  element  with  axial  or  membrane  stresses  only. 

s  2  indicates  a  nonreflective  boundary  element 

B  8  indicates  shell  elements  with  bending,  that  have  three  integration 
points  throu^  the  thickness,  (Not  yet  available  for  GEOM  2  6). 

B  5  indicates  shell  elements  with  bending,  that  have  five  integration  points 
throui^  the  thidmess.  (Not  yet  available  for  GEOM  2  6). 

Note:  The  volume  and  mass  for  sheU  elements  are  computed  difforently 
for  SHELL  b  i  than  they  are  for  SHELL  &  3  or  5.  SHELL  b  1  assumes 
the  thickness  of  the  shell  is  on  the  left  side  of  a  line  going  fi:om  N1  to  N2. 


•  • 


Tl4380b 


104 


SHELIj  ■  S  <Hr  5  assumes  the  shell  is  centered  about  the  line  firom  N1  to 
N2. 

BRICK  B  0  for  all  elements  except  3D  brick  elements. 

s  1  indicates  a  3D  brick  element  defined  by  nodes  N1 ...  N8. 

T/A  s  Thickness  (distance)  or  area  (area)  for  shell  or  bar  elements.  IfT/A>0, 

then  all  the  elements  will  have  identical  thicknesses  or  areas.  IfT/AsO, 
then  the  thickness  or  areas  will  be  read  individually. 

ThkdmeM  Garda  for  2D  ffliell  Elementa— for  ShkiX.  ■  1,  S,  5  and  T/A  ■  0  (SPKMl)  — 
This  card  defines  the  thicknesses  of  the  shell  elements  at  the  xmdal  pngitinn*  if  they  are  not 
input  in  the  previous  card.  Use  only  for  SHELX.  s  1, 3, 5  and  T/A  s  0.  If  there  are  NCOMP 
shell  elements,  there  are  NCOMP-t-1  thicknesses  to  be  input.  These  thirknnnnfm  will  not  be 
adjusted  by  the  Scale/Shift/Rotate  cards. 

Ttl)...  =  Thickness  of  shell  element  at  the  nodal  position  (distance).  TtDisthe 

TtNCOMP-fl)  normal  thickness  at  the  extreme  end  node  at  the  first  element  and 

TXNCOMP-t-l)  is  the  normal  thiftlmmM  at  the  extreme  end  node  of  the 
last  element. 

Area  Cards  for  SD  Bar  Elementa—for  SHELL  ■  1  and  T/A  ■  0  (8Fl(kO)  ->  Similar  to 
thickness  cards  for  2D  shell  elements  except  that  the  area  is  input  as  an  average  bar  area. 

It  is  not  input  at  the  nodal  locaticms.  Use  only  for  SHELL  &  1  and  T/A  «  0. 

A(l)...  =  Area  of  3D  bar  elements  (Area).  A(l)  is  the  area  ofthe  first  element 

A(NCOMP)  and  A(NCOMP)  is  the  area  of  the  last  element 

Thickness  Card  for  3D  Shell  Elementa — ^for  SHELL  ■  1  and  T/A  ■  0  (SFlOi))  — 
Similar  to  the  thidmess  card  for  2D  shell  elements,  except  that  the  thickness  is  input  as  an 
average  shell  thidmess;  it  is  not  input  at  the  nodal  locations.  If  there  are  multiple  shell 
elements  within  a  composite  element  then  all  have  the  same  thidmess.  Use  only  for 
SHkUi  s  1  and  T/A  s  0. 

TXD...  «  Thiekna—  of  3D  ■hell  alemantM  (itiafamwi)  T(l)  is  the  thidmeSS  of  the 

KNCOMP)  first  3D  shell  element  and  TCNCOMP)  is  the  thickness  of  the  last  3D 
shell  element 


SeriM  of  SD  Tetrahedral  Elcanents  Card— Symmetric  Arrangement  (815) — Thisu 
the  fint  of  two  cards  required  to  input  a  series  <^3D  tetrahedral  elements  in  a  symmetric 
arrangement. 

1  M  Identification  number  for  series  of  elements. 

IdATL  ■  Material  number  fin*  the  series  (d' elements. 

NCOMP  ■  Number  of  composite  elements  to  be  generated. 

Node  Deaeription  Card  for  8D  Symmetric  Arrangement  (1615) —This  card  describes 
the  fifteen  nodes  fin  the  first  composite  element.  Must  be  in  the  proper  carder  as  shown  in 
the  lower  pctrticm  of  Figure  IS. 

Nl— N15  «  Nodes  to  describe  the  24  tetrahedral  element  in  a  symmetric 

arrangement 

Note:  If  any  nodes,  N1-N15,  exceed  the  15  fiunnat  (2100,000),  set  Nl » 

-1  and  then  read  N1-N15  on  the  fi)Ilowing  two  cards  in  8110/7110  format 

INC  s  Node  number  increment  added  to  the  node  numbers  of  the  previous 

composite  element  fi>r  the  next  ccunpcante  element 

Rod  (Disk)  Element  Card  (1 115,  IX,  411, 2F10J))  —  One  or  more  cards  are  required  to 
describe  elements  for  nodes  previously  generated  for  the  rod  shapes  shown  in  Figure  20. 

Fca:  2D  geometry  the  elements  are  numbered  consecutively  across  the  rod,  working  down 
layer  by  layer.  Standard,  alternating  diagonal,  crossed  triangle,  and/or  cpiad  elements  may 
be  generated,  as  shown  in  Figure  20.  For  2D  geometry,  the  region  specified  by  this  card  can 
be  automatically  rezoned  during  the  course  of  the  run. 

For  3D  geometry  the  elements  are  numbered  consecutively  and  are  generated  in  layers  of 
ccnnposite  bride  elements  beginning  with  top  layer  1  and  ending  at  bottom  layer  NLAY. 

The  entire  first  layer  of  elements  is  generated  before  the  second  layer,  etc. ,  and  the 
composite  brick  elements  of  each  layer  are  generated  in  a  oounterdodewise  manner  for  each 
ring  of  elements  firom  the  inner  to  the  outer  ring.  Both  the  nonsymmetric  (6  tets  to  a  brick) 
and  the  symmetric  arrangements  (24  tets  to  a  brick)  are  available.  An  8-node  brick  element 
is  also  available. 
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Identification  number  for  rod  elements  geometry. 


MATL 

m 

DIAG 

NOER 

NIER 

NLAY 

FULL 


«  Material  number  of  a  uoifoim  material  rod.  MATL  «  0  require*  that 
material  numbers  for  each  element  ring  be  input  individually. 

B  Hie  number  of  the  lowest  numbered  rod  node.  For  the  solid  rod  this  is 
the  centerline  node  on  the  top  end  of  the  rod.  For  the  hoUow  rod,  this  is 
the  innermost  clockwise  node  on  the  top  end  of  the  rod  when  viewed  from 
the  top. 

Note:  If  N1  exceeds  the  16  format  (^100,000),  set  N1  >  —1  and  then  read 
N1  on  the  following  card  in  110  format. 

m  Diagonal  option.  For  2D  geometry  DIAG  s  1-6  as  shown  in  Figure  20. 
For  3D  geometry,  DIAG  »  1  fiur  nonsymmetric  tetrahedral  elements, 
DIAG  s  5  for  symmetric  tetrahedral  elements,  and  DIAG  «  6  for  8-node 
brick  elements.  For  DIAG  =  5,  the  secondary  nodes  must  have  been 
previously  generated  by  setting  CROS  »  1. 

s  Outer  element  ring  number. 

s  Inner  element  ring  number.  Hie  inner  element  ring  number  for  a  solid 
rod  is  NIER  «  1.  Set  NIER  s  >1  for  SD  shell  elements  when  PLACE  *  3 
and  a  single  ring  of  nodes  is  generated  (NOER  s  NORsNIR). 

Note:  For  3D  geometry,  the  values  of  NOER  and  NIER  must  be 
consistent  with  (but  not  equal  to)  the  nodal  ring  numbers,  because  they 
specify  how  many  nodes  and  elements  go  around  the  drcumferenoe  of  the 
rod.  Hiis  is  demonstrated  in  the  hollow  rod  example  in  Figure  20. 

s  Hie  number  of  layers  of  elements  in  the  rod.  The  total  number  of 
elements  in  a  rod  shape  shown  in  Figure  20  is  dependent  on  the  numher 
of  layers  and  the  number  of  elements  per  layer.  Hie  number  of  elements 
per  layer  is  dependent  on  the  inner  and  outer  element  ring  numhers. 
Specific  numbers  are  given  in  Figure  22. 

ai  0  will  generate  elements  for  a  half-rod,  in  3D  geometry,  with  a  plane  of 
symmetry  at  Y  «  0. 

«  1  will  generate  elements  for  a  full  rod,  in  3D  geometry,  without  a  plane  of 
symmetry. 
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SHELL 

PLACE 


AZONE 

SI 

S2,S3.S4 

THICK 


s  0  UM*  toUd  elements. 

«  1  uses  3D  shell  elements.  Nl,  DIAG,  NOER,  and  NIER  should  have 
same  as  if  rod  would  be  filled  with  scdid  tetrahedral  elements. 

For  3D  geometry  only.  (N<^  yet  available  fior  FULL  « 1.) 

s  2  uses  3D  nonreflective  dements  in  the  outer  ring  number  only.  Same 
definitions  as  fixr  SHELL  *  1.  (Note  that  2D  nonreflective  elements  must 
be  generated  as  a  aeries  of  individual  shell  dements.) 

s  Ofitr  SHELL  sO. 

«  1  fin*  3D  shell  dements  on  the  top  of  the  rod.  (Not  yet  availaUe  for  FULL 
« 1.) 

s  2  for  3D  shell  elements  on  the  bottom  of  the  rod.  (Not  yet  available  for 
FULL=1.) 


B  3  for  3D  shell  elements  on  the  outer  ring  of  the  rod.  (Not  yet  available 
for  FULL  s  1.) 

«  0  will  not  allow  automatic  rezoning. 

■  1  will  automatically  rezone  2D  region  when  requested  by  RZONE  »  1  on 
the  Data  Output  Card. 

ac  0  will  move  nodes  dong  SIDE  1  when  rezoning.  See  Figure  27  for 
definition  of  sides. 

«  1  will  not  move  nodes  along  SIDE  1  when  rezoning.  Primary  use  of  this 
option  is  when  the  side  is  intemd  to  the  grid  (Le.,  not  on  an  outer 
boundary). 

•  Node  movement  codes  for  SIDE  2,  SIDE  3,  and  SIDE  4,  as  shown  in 
Figure  27.  Same  optitms  as  for  SI. 

s  Shell  thickness  for  all  3D  shdl  dements  (SHELL  s  1)  in  the  rod  shape 
(distance).  For  THICK  s  0,  the  thidmesses  for  specific  rows  or  layers  are 
read  individudly. 
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BELAX 


I 


s  A  relazatioii  distance  for  rezoning,  defined  as  a  firaction  of 

a  characteristic  grid  distance.  The  characteristic  distance  is  the  square 
root  of  the  area  of  the  smallest  element  in  the  rezone  region,  befine 
rezoning.  All  nodes  must  move  less  than  this  for  the  rezoning  iterations 
to  discontinue.  Recoxnmend  iising  RELAX  =  0.001  to  0.050. 

SD  Bod  TiqyBottom  Shell  ThickneM  Card  for  THICK  ■  0  (SFlOil)  —  This  card 
defines  3D  shell  thickness  by  rings  for  SHELL  s  l,  PLACE  «  1  or  2,  and  THICK  >  0  <m 
previous  card. 

TCNIER)...  «  Shell  thicknesses  for  top  or  bottom  of  rod  from  inner  (NIER)  to  outer 
TXNOER)  (NOER)  ring  (distance). 

8D  Rod  Side  SheU  Thickness  Card  for  THICK  «  0  (8F10.0)  —  This  card  defines  3D 
shell  thicknesses  by  layer  fitr  SHELL  s  i,  PLACE  »  3,  and  THICK  =  0  on  previous  card. 

TtD...  s  Shell  thicknesses  for  outer  ring  of  rod  from  top  to  bottom  (distance). 

TWLAY) 

Rod  Bfaterial  Card  for  MATL  ■  0  (1615)  —  This  card  is  used  to  specify  material  numbers 
for  individual  rings  of  elements. 

M(NIER)...  a  Material  number  for  each  ring  ofelementsfivm  inner  (NIER)  to  outer 
M(NOER)  (NOER). 

Nooe  Etement  Card  (615, 5X,  215, 15X,  FlOX))  —  One  or  more  cards  are  required  to 
describe  elements  for  nodes  previously  generated  for  the  nose  shapes  shown  in  Figure  21. 
For  2D  geometry  the  elements  are  numbered  consecutively  in  the  clockwise  direction, 
working  outward  ring  by  ring.  For  3D  geometry  the  elements  are  numbered  consecutively 
and  are  generated  in  shells  of  composite  brick  elements  beginning  with  the  innermost  shell 
and  ending  with  the  outermost  shell.  The  entire  first  shell  of  elements  is  generated  before 
the  second  shell,  etc.,  and  the  composite  elements  of  each  shell  are  generated  in  a 
counterclockwise  manner  for  each  ring  of  elements  firom  the  top  to  the  bottom  of  each  shell. 

3  a  Identification  number  for  nose  geometry. 

MATL  a  Material  number  of  a  ’^'■niform  material  nose.  MATL  a  0  requires  that 

material  numbers  for  each  element  ring  be  input  individually. 

N1  a  The  number  of  the  lowest  numbered  nose  node. 
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DIAG 


NOER 

NIER 


PULL 


SHELL 


THICK 


Note:  If  N1  eacceede  the  16  format  (^100,000),  set  N1  >  -1  and  then  read 
N1  on  the  following  card  in  110  format. 

s  1  givee  standard  arrangement  of  elements  without  secondary  nodes. 

B  5  gives  2D  crossed  triangle  arrangement  or  3D  symmetric  brick 
arrangement  with  secondary  nodes.  Requires  CROS  b  l  fiir  nodes. 

B  6  gives  2D  quad  elements  or  3D  brick  elements. 

B  Outer  element  ring  number. 

B  Inner  element  ring  number.  Hie  ixmer  element  ring  number  for  a  solid 
rod  is  NIER  b  1.  Set  NIER  s  -1  for  3D  shell  elements  when  a  single  row 
of  nodes  is  generated  (NOER  =  NOR  =  NIR). 

s  0  will  generate  elements  for  a  half-nose,  in  3D  geometry,  with  a  plane  of 
symmetry  at  YbQ. 

B  1  will  generate  elements  for  a  full  nose,  in  3D  geometry,  without  a  plane 
of  symmetry. 

a  0  uses  solid  elements.  (Not  yet  available  fiir  FULL  =  1.) 

=  1  uses  3D  shell  elements  on  the  outer  sur&ce.  Nl,  DIAG,  NOER,  and 
NIER  should  have  same  definition  as  if  nose  would  be  filled  with  solid 
tetrahedral  elements.  For  3D  geometry  only. 

B  Shell  thickness  for  all  3D  shell  elements  (SHELL  b  i)  in  the  nose  shape 
(distance).  For  THICK  b  0,  the  thicknesses  for  specific  segments  are 
read  individually. 


SD  Noee  Shell  Thickness  Card  for  THICK  b  0  (8F10.0)  —  Ihis  card  defines  3D  shell 
thifknesses  (for  SHELL  b  i  and  T/A  b  0)  by  segments  beginning  at  the  rod-nose  interface 
and  working  down  to  the  tip.  There  are  (2«NOER)  segments. 

T(l)...  B  Shell  thickness  for  outer  ring  of  nose  from  rod-nose  interface  to  tip 

T(2«NOER)  (distance). 


s 
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Nom  Material  Card  fiir  MATL  ■  0  (1616) — This  card  is  used  to  specify  material  number 
fiv  individual  rings  of  elements. 

M(N1ER)  --  as  Material  number  fiirei^  ling  ofelements  from  inner  (NIER)  to  outer 
M(NOER)  (NOER). 

m  .1  will  not  generate  the  elements  in  that  ring.  For  3D  with  DIAG  s  1 
only. 

Flat  Plate  Element  Card  (11I6,  IX,  411, 2P10.0)  —  One  card  is  required  for  each  flat 
plate  shape  to  be  generated.  For  2D  geometiy,  as  shown  in  Figure  23,  the  elements  are 
numbered  consecutively  across  the  plate,  working  down  layer  by  layer.  Standard, 
alternating  diagonal,  crossed  triangle,  or  quad  elements  may  be  generated.  For  2D 
geometry,  the  region  specified  by  this  card  can  be  automatically  rezoned  during  the  course 
of  the  run. 


For  3D  geometry,  as  shown  in  Figures  24  and  25,  the  elements  are  generated  in  rings 
(identical  to  that  of  the  rod  shape)  for  the  circular  plate  (TYPE  s  2  and  12),  and  rows  of 
elements  for  the  rectangular  flat  plates  (TYPE  =  3  and  4).  The  rows  of  elements  go  in  the 
direction  of  the  increasing  X  axis.  The  TYPE  s  3  option  generates  the  elements  in 
horizontal  layers  and  the  TYPE  s  4  option  generates  the  elements  in  vertical  layers. 


4 

MATL 

N1 


DIAG 


TYPE 


s  Identification  number  for  flat  plate  geometry. 

-  Material  niimber  for  the  flat  plate  elements. 

s  Niunber  of  the  first  node  of  the  flat  plate  shape. 

Note:  If  N1  exceeds  the  15  format  (^100,000),  set  N1  -  -1  and  then  read 
N1  on  the  following  card  in  110  format. 

s  Element  arrangement  option.  DIAG  =:  1-6  for  2D  geometry  as  shown  in 
Figure  23.  DIAG  >  1  and  5  for  3D  geometry  is  shown  in  Figures  24  and 
25.  DIAG  s  6  for  3D  geometry  gives  8>node  brick  elements.  DIAG  »  5  is 
for  2D  crossed  triangles  and  3D  symmetric  brick  arrangement,  whidi 
require  secondary  nodes  (CROS  =  1). 

s  1  will  generate  elements  for  2D  flat  plate  shown  in  Figure  23. 
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NLX/R 

NLY 

NLZ 

SHELL 

PLACE 


m  2  will  generate  elements  for  3D  circvdar  half-plate  as  shown  in  Figure  24, 
with  a  plane  of  symmetry  Y-  0. 

■  12  will  generate  elements  for  a  full  3D  circular  plate,  without  a  plane  of 
symmetry. 

s  3  will  generate  elements  for  3D  rectangular  flat  plate,  in  horizontal 
layers,  as  shown  in  Figure  25. 

m  4  will  generate  elements  for  3D  rectangular  flat  plate,  in  vertical  layers, 
as  shown  in  Figure  25. 

m  Number  of  composite  brick  elements  in  the  X/R  direction  fixr  TYPE  >  1, 3, 
4.  In  Figure  25,  NLX^  s  12.  For  the  3D  circular  plate  (TYPE  s  2),  it  is 
the  number  of  rings  of  elements. 

s  Number  of  composite  brick  elements  in  the  Y  direction.  For  TYPE  s  3 
and  4  only.  Leave  blank  for  TYPE  =  1  and  2.  In  Figure  25,  NLY  »  6  for 
TYPE- 3. 


a  Number  oflayersofoompoeite  brick  elements  in  the  Z  direction.  In 
Figure  25.  NLZ  a  4  for  TYPE  =  3. 

a  0  for  all  2D  elements  and  3D  solid  tetrahedral  and  brick  elements. 

a  1  for  3D  shell  elements.  Use  of  other  variable  (MATL...NLZ)  should  be 
consistent  with  node  generation. 

a  2  for  3D  nonreflective  boundary  elements. 

a  0  for  SHELL  a  0. 

a  1  will  place  3D  shell  elements  or  nonreflective  boundary  elements  on  the 
positive  X  fisoe  fiir  TYPE  a  3  or  4. 

a  will  place  3D  shell  elements  or  nonreflective  boundary  elements  on 
the  negative  X  fisoe  for  TYPE  a  3  or  4. 
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AZONE 

SI 

S2,  S3,  S4 

THICK 

RELAX 


m  2  will  place  3D  ahell  elements  or  nonreflective  boundary  elements  on  the 
positive  Y  face  fior  TYPE  >  3  or  4. 

«  -2  will  place  30  shell  dements  or  nonreflective  boundary  elements  (m 
the  n^^tive  Y  flice  for  TYPE  &  3  or  4. 

«  3  will  place  3D  shell  elements  or  nonreflective  boundary  elements  on  the 
positive  Z  face  for  TYPE  s  2, 12, 3,  or  4.  (Not  yet  available  for  TYPE  s 
-12.) 

-  -3  will  place  3D  shell  elements  or  nonreflective  boundary  elements  on 
the  negative  Z  face  for  TYPE  2, 12, 3,  or  4.  (Not  yet  availaUe  fiir  TYPE  - 
=12.) 


=  4  will  place  3D  shell  elements  or  nonreflective  boundary  elements  on  the 
outer  ring  of  a  circular  plate  for  TYPE  =  2  or  12.  (Not  yet  availaUe  for 
TYPE  =  12.) 

s  0  will  not  allow  automatic  rezoning. 

-  1  will  automatically  rezone  2D  r^on  when  requested  by  RZONE  =  1  on 
the  Data  Output  Card. 

=  0  will  move  nodes  along  SIDE  1  when  rezoning.  See  Figure  27  for 
definition  of  sides. 

=  1  will  not  move  nodes  along  SIDE  1  when  rezoning.  Primary  use  of  this 
option  is  when  the  side  is  internal  to  the  grid  (i.e.,  not  on  an  outer 
boundary). 

=  Node  movement  codes  for  SIDE  2,  SIDE  3,  and  SIDE  4,  as  shown  in 
Figure  27.  Same  options  as  for  Si. 

=  Shell  thickness  for  3D  shell  elements  (distance).  Use  only  for  SHELL  = 

1. 

-  A  dimensionless  relaxation  distance  for  rezoning,  defined  as  a  firaction  of 
a  characteristic  grid  distance.  The  characteristic  distance  is  the  square 
root  of  the  area  of  the  smallest  element  in  the  rezone  region,  before 
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rezoning.  All  nodes  must  move  less  than  this  for  the  rezoning  iteratione 
to  discontinue.  Recommend  using  RELAX  s  0.001  to  0.050. 

Sphere  Element  Card  (615, 5X,  215, 15X,  F10.0)  —  One  or  more  cards  are  required  for 
each  sphere  shape  to  be  generated.  Arrangement  is  similar  to  that  used  for  the  rounded 
nose  shown  in  Figure  21.  For  2D  geometry  the  elements  are  numbered  consecutively  in  a 
dodcwise  direction,  starting  at  the  center  and  working  outwards  ring  by  zing. 

For  3D  geometry,  the  bottom  half  cross  section  is  identical  to  the  rounded  nose  shown  in 
Figure  21.  When  viewed  fixun  the  top,  the  elements  are  consecutively  numbered 
counterclockwise,  upward  and  outward  for  the  top  half,  and  then  counterclockwise, 
downward  and  outward  for  the  bottom  half. 


5 

MATL 

N1 


DIAG 


NOER 

NIER 


FULL 


=  Identification  ntunber  for  sphere  element  shape. 

s  Material  number  for  a  uniform  material  nose.  MATL  s  0  requires  that 
material  niunbers  for  each  ring  be  input  individually. 

s  The  number  of  the  lowest  numbered  sphere  node. 

Note:  If  N1  exceeds  the  15  format  (^100,000),  set  Nl  s  -l  and  then  read 
Nl  on  the  following  card  in  IlO  format. 

1  gives  standard  arrangement  of  elements  without  secondary  nodes. 

a  5  gives  2D  crossed  truui{;le  arrangement  or  3D  symmetric  brick 
arrangement  Requires  CROS  »  1  for  nodes. 

«  6  gives  2D  quad  elements  or  3D  brick  elements. 

s  Outer  element  ring  number. 

s  Irmer  element  ring  number.  The  inner  ring  number  for  a  solid  sphere  is 
NIER  s  1.  Set  NIER  s  —1  for  3D  shell  elements  when  a  single  zing  of 
nodes  is  generated  (NOER  =  NOR  =  NIR). 

a  0  will  generate  elements  for  a  half-sphere,  in  3D  geometry,  with  a  plane 
of  symmetry  at  Y  s  0. 
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*  1  will  generate  elements  for  a  fuU  sphere,  in  3D  geometry,  without  a 
plane  of  symmetry. 

SHELL  s  0  for  all  2D  elements  and  3D  sdid  tetrahedral  elements. 

s  1  for  3D  shell  elements  on  the  outer  node  ring  only.  (Not  yet  available 
for  FULL  =1.) 

THICK  -  Shell  thickness  for  3D  shell  elements  (distance).  Use  (mly  for 

SHELL  =  1. 

Sphere  Material  Card  for  MATL  ■  0  (1615)  —  This  card  is  used  to  specify  material 
numbers  for  individual  rings  of  elements. 

M(NIER)...  =  Material  number  for  each  rmg  of  elements  from  iimer  (NIER)  to  outer 
M(NOER)  (NOER). 

PATRAN  Element  Card  (415, 50X,  F10.0)  —  This  option  allows  the  user  to  generate 
elements  with  PATRAN,  and  then  to  incorporate  them  into  the  EPIC  Preprocessor.  The 
PATRAN  file  will  be  read  firom  EPIC  file  designation  INPAT,  which  is  the  same  file  firom 
which  the  PATRAN  node  data  were  read. 

A  limited  subset  of  PATRAN  element  geometries  are  suppor'  cd  as  shown  in  Figure  26. 
These  include  aU  the  linear  element  topologies  (BAR/2,  TRI/3,  QUAD/4,  TET/4,  WEDGE/6, 
and  HEX/8)  and  two  higher  order  geometries  to  be  discussed  momentarily.  The  first  four 
linear  topologies  can  be  directly  transferred  to  EPIC  element  types.  The  remaining  two 
(WEDGEy6  and  HEX/8)  require  additional  information  to  fully  describe  their  orientations. 

The  PATRAN  WEDGE/6  element  closely  mimics  the  EPIC  wedge  element.  What  remains 
undefined  is  the  orientation  of  the  diagonals  along  the  rectangular  faces  of  the  wedge.  To 
describe  this  directional  dependence,  the  user  is  required  to  set  the  configuration  flag  when 
meshing  the  wedge.  As  three  rectangular  faces  exist,  and  each  of  these  may  have  the 
diagonal  in  one  of  two  directions,  a  total  of  six  configurations  are  possible. 

A  CID  s  11  places  the  diagonal  of  the  front  face  fiom  the  lower  left  comer  to  the  upper  ri^t 
ommer;  the  right  back  face  has  its  diagonal  from  lower  ri^t  to  upper  left;  and  the  left  back 
face  firom  lower  rig^t  to  upper  left.  A  CID  =  21  switches  only  the  orientation  of  the  finnt 
face  (i.e.,  the  diagonal  now  runs  fitnn  upper  left  to  lower  right).  The  remaining  orientations 
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are  constructed  by  counterclockwise  rotations  of  above  two  wedges.  These  are  graphically 
represented  in  Figure  26. 


The  HE2{/8  geometries  may  be  described  as  a  nonsymmetric  brick.  Here,  too,  a  method  of 
HAfiwing  the  diagonal  locations  needs  to  be  determined.  Since  the  brick  can  be  fully 
described  by  defining  one  of  the  two  nodes  into  which  five  edges  converge,  this  node  will  be 
taken  as  the  origin  node  of  the  element. 

As  mentioned  previously,  two  hi^ier  order  topologies  are  supported.  The  first,  QUAD/5, 
will  automatically  be  broken  down  by  the  translator  into  fi>ur  TRI/3  elements.  The  second, 
HE3C/15,  will  be  broken  into  24  TE!T/4  elements.  The  HEX/15  element  is  constructed  as  a 
HEX/27  element  with  mid-edge  node  generation  suppressed.  This  node  suppression  can  be 
accomplished  with  the  following  PATRAN  command: 

CFEG,  <HyperPatch  ID>,  HEX/27,  C1/C2/C3 
where  <HyperPatch  ID>  =  a  previously  GFEG’ed  hjrperpatch. 


The  string  *Cl/C2/C3”  instructs  the  PATRAN  element  generator  to  suspend  mid-edge  node 
generation  for  aU  edges  aligned  with  the  specified  C  direction.  This  type  of  hi^er-order 
element  must  oe  generated  with  a  GFEG/CFEG  command,  as  it  not  supported  by  the 
automatic  MESH  command. 


»  < 


»  Code  to  diiect  EPIC  to  read  PATRAN  file. 

=  Lowest  element  number  in  PATRAN  file  to  be  read  and  translated  to 
EPIC  data.  Specific  element  number,  PLl,  must  exit  in  PATRAN  file. 
The  EPIC  element  numbers  will  generally  be  different  than  the 
corresponding  PATRAN  element  numbers  because  EPIC  automatically 
numbers  the  elements  in  a  consecutive  manner. 

If  multiple  groups  of  elements  are  input  firom  PATRAN,  it  is 
recommended  that  the  groups  be  read  in  order  of  increasing  PATRAN 
element  niunber.  This  provides  for  efficient  reading  of  the  file. 

s  Highest  element  number  in  PATRAN  file  to  be  read  and  translated. 
Specific  element  niunber,  PLN,  must  exist  in  PATRAN  file. 
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Note:  If  PLl  andAv  PLN  exceed  the  15  fiumat  (^00,000),  set  PLl «  -1 
the"  read  PLl  and  PLN  on  the  following  card  in  2110  fimnat. 

QHiaTJ.  «  0  fiv  all  elewMinfai  except  shell  elements  with  bending. 

B  3  iodicates  elements  with  bending,  that  have  three  integration 
points  through  the  thickness.  (Not  yet  available). 

s  5  indicates  shell  elements  with  bending,  that  have  five  integration  paints 
throui^  the  thickness.  (Not  yet  available). 

T/A  a  0  fin:  all  solid  (trian^,  quad,  tetrahedral,  bride)  elements. 

s  0  will  designate  2D  shell/bar  elements,  and  3D  shell  elements,  to  be 
nonreflective  elements. 

s  Thickness  for  standard  2D  shell/ber  elements  and  3D  shell  elements. 

s  Area  for  3D  bar  elements. 

Chunk  Definition  Card  (815)  —  This  card  allows  the  user  to  describe  chunks  of  elements 
without  having  to  determine  the  specific  element  numbers.  Furthermore,  it  is  possible  to 
spedfy  master  surfaces  and  slave  nodes  by  chunk  number  sudi  that  it  is  not  necessary  to 
identify  specific  node  numbers  when  defining  sliding  interfaces.  The  chunks  will  be 
numbered  consecutively. 

999  =  Code  to  identify  Chunk  Definitimi  Card. 

START  s  0  will  not  start  a  new  drank. 

«  1  will  start  a  new  chunk  with  the  element  cards. 

STOP  IB  0  will  not  end  the  existing  drank. 

s  1  will  end  the  existing  drank. 
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d.  Sliding  Interface  OMCriptlons 


Capabilities  for  sliding  interfaces  are  provided  fi»r  ID,  2D,  and  3D  geometries.  Input 
data  are  summarised  in  Figure  5.  Included  are  contact  and  release,  as  well  as  specialised 
erosion  options.  Separate  input  finrmats  are  required  for  ID,  2D,  and  3D  geometries.  If 
there  is  more  than  one  sliding  interfoce,  all  data  for  the  first  sliding  interface  are  entered 
before  entering  data  for  subsequent  interfaces.  If  there  are  no  sliding  interfaces  (NSUD  > 

0  in  Prep  Miscellaneous  Card),  this  group  of  cards  is  omitted. 

Sliding  Interface  Card  for  ID  Geometry— As  Required  (215)  —  Only  one  card  is 
required  for  each  ID  interfoce. 

Ml  =  Interface  node  at  a  lower  Z  coordinate  than  the  other  associated  interfoce 

node.  Si. 

Si  s  Interfoce  node  at  a  higher  Z  coordinate  than  the  other  associated 

interfoce  node.  Ml. 

Note:  If  Ml  and/or  SI  exceed  the  15  format  (^100,000),  set  Ml  =  -1  and 
then  read  Ml  and  Si  on  the  following  card  in  2110  format. 

Sliding  Interface  Identification  Card  for  2D  Geometry— As  Required  (1015, 3F10.0) 
—  Each  2D  sliding  interface  generally  contains  one  sliding  interfoce  identification  card  and 
cards  (as  required)  describing  the  master  nodes  and  slave  nodes.  The  master  nodes 
generally  should  include  the  higher  density  material.  It  is  also  desirable  for  the  master 
surface  to  have  the  stronger  material,  have  equal  or  greater  spacing  than  the  slave  nodes, 
and  not  have  a  convex  surface  toward  the  slave  nodes.  Also  note  that  the  CPU  time  will  be 
increased  if  excessive  master  surfaces  and  slave  nodes  are  defined.  For  EPIC-CTTH  linked 
computations,  a  master  surface  must  define  the  interfoce  of  EPIC  and  CTH.  This  sliding 
interfoce  must  contain  no  slave  nodes  (NSG  &  NSN  =  NSR  »  0.) 

The  general  sliding  algorithm  is  described  in  Reference  31,  except  that  both  the  master  and 
slave  nodes  are  moved  in  a  consistent  manner.  This  algorithm  was  first  introduced  in  1989 
and  is  an  improvement  to  earlier  versions. 

Also  note  that  an  automatic  sliding  option  is  now  available  for  impact  problems,  but  not 
explosive  detonation  problems.  This  option  reqiiires  minimal  user  input. 


NMG 

NMN 

NSG 

NSN 

NSR 

TYPE 


MBOT 


■  Number  of  groups  of  master  nodes  to  be  read.  Indudes  the  Grouped 
Master  Node  Cards,  as  well  as  Master  Definition  Cards  far  2D  Regiom, 
2D  IVqjectQe,  2D  Target,  2D  Node/Element/Mateiial,  and  2D  Chunks. 

«  Number  ofmaster  nodes  to  be  read  individually. 

s  Number  of  groups  or  chunks  of  slave  nodes  to  be  read. 

m  Number  of  slave  nodes  to  be  read  individually. 

s  Number  of  regions  of  slave  nodes  to  be  read. 

s  ±1  is  for  sliding  interfaces  without  erosion,  or  with  erosion  that 
maintains  the  eroded  mass  at  the  nodes.  TYPE  s  1  uses  a  master 
surface  that  is  a  sinde  continuous  line.  TYPE  >  -1  is  a  more  recent 
option  that  allows  the  master  suziaoe  to  be  composed  of  multiple 
segments. 

s  i2  is  for  sliding  interfaces  with  erosion,  where  the  eroded  mass  is  not 
maintained  at  the  nodes.  This  is  the  option  that  should  be  used  when 
EPIC  Ingrangian  material  is  eroded  and  donated  to  the  CTH  Eulerian 
grid  fisr  EPIC-CTH  linked  computations.  Can  also  be  used  for  standard 
erosion  problems  without  the  link.  TYPE  s  2  is  fi}r  a  single  continuous 
master  surface  and  TYPE  s  -2  is  finr  a  segmented  master  surface. 

Eroded  mass  is  not  reported  in  system/chunk  ou^ut  data. 

s  30  is  for  an  interface  where  no  sliding  or  separation  is  allowed.  This 
interface  becomes  activated  after  the  first  cycle  of  integration  is 
performed  so  the  problem  must  be  set  up  to  insure  that  no  relative 
motion  occurs  (at  the  inter&ce)  during  the  first  cyde.  (Not  yet  available). 

s  Lowest  niunber  on  the  bottom  of  the  target  plate  when  perfimning 
perforation  computations  with  the  eroding  interfisoe  option.  All  nodes 
above  the  bottom  surface  of  the  plate  must  have  lower  node  numbers 
than  MBOT.  This  criterion  is  satisfied  when  using  the  flat  plate 
generatin'  fi>r  nodes  and  elements.  Perforation  can  also  be  achieved  Iqr 
using  a  negative  TYPE,  and  Iqr  defining  the  bottom  surface  of  the  target 
as  a  master  sux&oe. 
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Note:  If  MBOT  exceeds  the  IS  fisrmat  (2100,000).  set  MBOT  -  and 
then  read  MBOT  on  the  fcdlowing  card  in  no  fimnat. 

ISR  ■  0  will  not  release  restrained  slave  nodes. 

a  1  will  release  restrained  slave  nodes  on  the  Z  axis  (at  R  a  0)  when  they 
interact  with  the  master  surface.  (Not  yet  availaUe  fin:  2D  gemnetiy 
with  TYPE  <0.) 

in  m  Number  of  velocity  iterations  fiar  the  slave  nodes  on  the  master  surfisce 

(References  82  and  88).  Errors  in  the  velocity  match  lead  to  errors  in  the 
deviator  and  shear  stresses,  but  generally  not  the  pressure.  For  high 
velocity  impact  and  explosive  detonation,  where  the  pressures  are  mxich 
hi^er  than  the  deviator  and  shear  stresses,  a  relatively  low  value  of  ITl 
a  1  or  m  s  2  can  be  used.  For  lower  pressure  problems,  hi|d^  values 
should  be  used  (FTl  s  2  to  ITl  s  5).  The  velocity  iterations  and  the 
corresponding  searches  on  the  master  suifhce  are  perfermed  only  for 
those  slave  nodes  found  to  be  in  contact  during  the  first  iteration.  For 
the  eroding  interfeoe  option  (ERODE  >  0),  use  ITl  a  1. 

For  the  automatic  sliding  option,  use  m  a  5  to  ITl  a  10  for  all  cases, 
including  erosion. 

rr2  a  Number  ofvelodty  iterations  ofthe  master  nodes  on  the  slave  surface. 

This  allows  a  double  pass  to  be  made  sudi  that  there  is  no  interference  or 
crossover  on  the  sliding  surface  (References  32  and  33).  IfIT2aO,there 
is  no  second  pass,  and  the  slave  xmdes  can  be  input  in  any  order.  With 
this  option,  it  is  possible  to  designate  interior  nodes  (as  well  as  suifooe 
nodes)  as  slave  nodes.  This  procedure  allows  dements  containing  slave 
nodes  to  foil  oomidetely  to  simulate  an  eroding  process.  For  IT2  >  0,  a 
double  pass  is  performed,  and  the  slave  nodes  must  be  input  in  a 
specified  order.  The  double  pass  option  dT2  >  0)  can  only  be  used  with 
TYPE  - 1. 


REFVEL  *  Reference  velocity  (distance/sectmd),  which  when  multiplied  by  the 

integration  time  increment,  gives  a  reference  distance.  Slave  nodes  are 
considered  to  be  associated  with  a  particular  master  sur&ce  only  when 
they  are  within  this  reference  distance.  It  is  recommended  that  REF 
VEL  be  about  1.5  times  the  initial  relative  impact  velocity  or  the 
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detonation  velocity  of  explosives  contained  in  the  problem.  If  left  blank 
(REF  VEL  >  0),  the  code  will  automatically  compute  REF  VEL.  Ifitis 
obeerved  that  slave  nodes  pass  throuid^  the  master  surface,  then  the 
re&renee  velocity  should  be  increased  sli^tly. 

■  Erosion  strain  (equivalent  or  volumetric)  fiur  the  eroding  inteifsce 
qptions.  The  TYPE  >  ±1  erosion  option  is  fin*  penetratUm/perfiiration  of 
thick  plates  and  is  activated  when  ERODE  >  0.  Recommended  values 
are  ERODE  «  1.5  to  2.5.  It  applies  to  triangular  elements  only  (with  no 
pressure  averaging)  and  should  only  be  used  when  eroeion  is  the  primary 
mode  of  penetration.  The  algorithm  and  example  problems  are  presented 
in  Refiufences  26  and  33.  Because  the  total  imlure  of  the  elements  must 
be  achieved  by  the  eroding  interface  algorithm,  it  is  important  that 
EFAIL  (a  material  property)  be  much  greater  than  ERODE. 

An  eroding  interface  usually  consists  of  two  sets  of  sliding  interface  data. 
The  first  slide  line  usually  designates  the  top  surface  of  the  {date  as  the 
master  surftioe  and  the  potentially  eroded  nodes  in  the  prqjectile  as  slave 
nodes.  The  second  slide  line  usually  designates  the  outer  siuface  of  the 
prqjectile  as  the  master  surfiace  and  the  potentially  eroded  nodes  in  the 
plate  as  slave  nodes.  This  ensures  that  there  is  no  crossover  of  material 
between  the  prqjectile  and  the  target  Under  some  instances,  it  may  only 
be  possible  to  use  the  first  slide  line. 

When  using  the  erosion  option  with  axisymmetric  geometry  (GEOM  «  6 
and  7)  and  TYPE  s  ±1,  the  radial  velocities  of  firee  nodes  (those  vdiose 
associated  elements  have  all  eroded)  are  adjusted  based  (m  the 
corresponding  axial  velocity  (RDOTb  .51 ZDOT I ).  Therefine,  the  initial 
target  velocity  in  the  axial  direction  should  be  sero,  otherwise  the  radial 
velocities  would  be  adjusted  incorrectly. 

The  primary  application  of  ERODE  for  TYPE  «  ±2,  is  for  linked  EPIC- 
cm  computations  where  the  Lagrangian  EPIC  grid  is  hi|ddy  strained 
and  then  donates  material  to  the  Eulerian  CTH  grid.  Here, 
recommended  values  are  ERODE  »  0.5  to  1.0.  Standard  erosion 
computatians  can  also  be  performed  with  TYPE  »  ±2,  but  here  the  eroded 
mass  is  not  maintained,  and  the  result  is  that  mass,  momentum  and 
energy  will  not  be  conserved. 


FRICTION 


m  Coeffidentofslidiiig  friction  in  the  RrZ  plane.  Does  not  act  in  6  direction 
fior  relative  spinning  velodties  (GEOM  »  7).  Use  FRICTION  s  0  fiar 
linked  EPICCTH  runs,  because  all  interface  ooinditi(»is  are  defined  with 
the  LINK  input. 

NMG  Grouped  Master  Node  Cards  (SB)  —  This  option  allows  master  nodes  to  be  input 
ingroups.  For  positive  TYPE  (TTPE  >  1, 2,  S,  4),  the  nodes  must  be  entered  in  order  firom 
thefirstmasternodetothelastmaster  node  along  the  row  of  nodes.  When  moving  firom 
the  first  node  to  the  last  node,  the  slave  nodes  must  be  to  the  left  of  the  master  surface. 

This  limits  the  surface  to  a  single  continuous  line. 

For  negative  TYPE  (TYPE  «  -1  or  -2)  the  master  surface  can  be  segmented,  and  is  not 
restricted  to  a  sinfi^e  continuous  line. 

MIG  B  First  node  in  the  group  of  master  nodes.  For  positive  TYPE  (1  or  2)  MIG 

should  not  be  identical  to  MNG  firom  the  previous  card,  as  a  oontinuoiu 
line  is  assumed.  For  negative  TYPE  (~1  or -2),  MlGshould  be  identical 
to  BANG  firom  the  previous  card,  if  the  surface  is  continuous. 

MNG  =  Last  node  in  the  group  of  master  nodes. 

Note:  If  MIG  and/or  MNG  exceed  the  15  format  (2100,000),  set  MIG  *  -1 
and  then  read  MIG  and  MNG  on  the  following  card  in  2110  fimnat. 

INC  «  Increment  between  the  nodes  in  the  group  of  master  nodes. 

Master  Definition  Curd  for  2D  Region  (2I6,4F10.0y  lOX,  16)  —  This  card  allows  the 
master  sur&ces  to  be  determined  autonatically.  All  surface  line  segment  (element  faces) 
are  defined  as  the  master  surface  within  a  specified  region.  Must  be  used  with  negative 
TYPE  (-1  or  -2).  Although  this  option  simplifies  input,  it  can  increase  CPU  time  if  the 
master  surface  includes  regions  where  there  is  no  interaction  with  slave  no(tes. 

6  >  Identificatian  number  for  2D  Region.  Must  be  input  in  two  places 

(columns  5  and  66)  to  provide  compatibility  with  previous  versions. 

RSYM  «  0  will  not  indude  master  segments  on  the  Z  axis  at  RsO. 

s  1  will  indude  master  segments  on  the  Z  axis  at  R  s  0 


RMAX  «  Maximum  R  coordipate  of  master  Buritwe  region  (distance). 

SMIN  B  NBnimum  R  oocurdinate  matter  surface  legion. 

ZMAX  B  Maximum  Zooordinate  of  master  surface  region. 

ZMIN  B  Minimum  Z  coordinate  of  master  surface  region. 

Note:  If  RIdAX  B  RMIN  B  ZMAX  B  ZMIN  B  0,  then  the  entire  problem 
will  be  included. 

Master  Definition  Card  for  SD  Prcdectile  Only  (215, 4F10.0,  lOX,  15)  —  This  card 
allows  the  master  surface  on  the  projectile  to  be  determined  automatically. 

7  B  Identification  number  for  2D  Projectile. 

RSYM  B  0  will  not  include  master  segments  on  the  Z  axis  at  R  b  0. 

B  1  will  include  master  segments  on  the  Z  axis  at  R  b  0 

RBIAX  B  Maximum  R  coordinate  of  master  surface  region  (distance). 

RMIN  B  Minimum  R  coordinate  of  master  surface  region. 

ZMAX  B  Maximum  Z  coordinate  of  master  surface  region. 

ZMIN  B  Minimum  Z  coordinate  of  master  surface  region. 

Note:  If  RMAX  bRMIN  b  ZMAX  b  ZMIN  b  0,  then  the  entire  problem 
will  be  indudea 

Master  Definition  Card  for  SD  Target  Only  (215, 4F10.0,  lOX,  15)  —  Ibis  card  allows 
the  master  surface  on  the  target  to  be  determined  automatically. 

8  B  Identification  number  for  2D  Target 

RSYM  B  0  will  not  indude  master  segments  on  the  Z  axis  at  R  B  0. 

B  1  will  indude  master  segments  <m  the  Z  axis  at  R  b  0 
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RBCAX 

RMIN 

ZMAX 

ZBON 


■  R  tsnnrtiinAt^  of  m^atAr  aiirfapft  raginn  fHiatannwV 

m  MinimMin  R  coordinate  of  master  surfkce  region. 

s  Maximum  Z  coordinate  oi  master  surface  region. 

m  Minimum  Z  coordinate  of  master  surface  region. 

Note:  If  RMAX  s  RMIN  a  ZMAX  sZMINsO,  then  the  entire  problem 
will  be  induded. 


Maater  Definition  Card  for  2D  Node/Element/Mateiial  (2I5»  5110*  15)  —  This  card 
allows  the  master  surface  to  be  defined  for  a  range  of  node  numbers,  or  a  range  of  element 
numbers,  or  a  material  number.  Only  one  of  the  three  options  can  be  used  on  a  card. 

9  s  Identification  number  for  2D  Node/Element/Material.  Must  be  input  in 

two  places  (columns  5  and  65)  to  provide  compatibUily  with  previous 
versions. 


RSYM 


s  0  will  not  include  master  segments  on  the  Z  axis  at  R  »  0. 


a  1  will  include  master  segments  on  the  Z  axis  at  R  s  0 

MAX  NODE  s  Maximum  node  number  for  master  surface  governed  by  nodes.  Leave 

blank  (MAX  NODE  *  0)  if  governed  by  elements  or  material. 

MIN  NODE  =  Minimum  node  number  for  master  surface  governed  by  nodes. 

MAX  ELE  s  Maximum  element  number  for  master  surface  governed  by  elements. 

Leave  blank  (MAX  ELE  »  0)  if  governed  by  nodes  or  material. 


MIN  ELE 


Minimum  element  number  finr  master  surface  governed  by  elements. 


MATL 


Material  number  for  master  surface  governed  by  material.  Leave  blank 
(MATL  s  0)  if  governed  by  nodes  or  elements. 


Master  Defliiiti<m  Card  tor  2D  Chunks  (315, 45X,  15)  —  This  card  allows  tlm  master 
surfkce  to  be  defined  finr  a  chunk,  as  specified  in  the  element  input  data  with  the  Chunk 
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Definition  Cards.  Chunks  that  will  be  described  with  the  NCHNK  Chunk  Element  Cards 
cannot  be  used  to  define  master  surfaces,  because  these  have  not  yet  been  defined. 


10 

R3YM 


CHUNK 


«  Identification  number  for  2D  chunks.  Miist  be  input  in  two  places 
(columns  4/5  and  64/65)  to  provide  compatibility  with  previous  versions. 

m  0  will  not  include  master  segments  on  the  Z  ads  at  R  s  o. 

s  1  will  include  master  segments  on  the  Z  ads  at  R  =  0 

s  Chunk  number  for  which  master  surface  is  determined. 


Blaster  Definition  Card  for  2D  Automatic  Sliding  (15, 5X,  4F10.0,  lOX,  15) — ^This  card 
allows  the  user  to  define  all  surfaces  as  sliding  interfaces.  Master  surfaces  and  slave  nodes 
are  defined  automatically.  This  is  currently  available  only  for  impact  problems  and  not  finr 
explosive  detonation  problems.  Can  be  limited  to  a  region  (to  save  CPU  time)  or  can 
include  entire  problem.  If  this  option  is  used  there  can  be  no  other  sliding  interfaces  in  the 
problem.  Also,  it  is  not  necessary  to  define  slave  nodes  separately.  This  option  can  require 
more  (3PU  time  for  some  problems.  In  the  previous  card,  must  use  NMG  =  1  and  NMN  » 
NSG  s  NSR  s  MBOT  s  1T2  s  0.  TYPE  =  ±1  or  ±2  will  automatically  be  set  to  negative 
TYPE  (-1  or  -2)  for  this  option.  Finally,  exterior  shell/bar  elements  will  not  act  as  master 
surfaces,  but  their  nodes  will  act  as  slave  nodes. 


99 

RMAX 

RMIN 

ZMAX 

ZBfIN 


=  IdentificaHon  number  for  2D  i^obal  sliding.  Must  be  input  in  two  places 
(columns  4/5  and  64/65). 

=  Madmum  R  coordinate  of  master  surface  region  (distance). 

=  Minimum  R  oomdinate  of  master  surface  region. 

a  Madmum  Z  coordinate  of  master  surface  region. 

a  Blinimum  Z  coordinate  of  master  surface  region. 

Note:  If  RMAX  «  RMIN  *  ZMAX  »  ZNQN  s  0,  then  the  entire  problem 
will  be  induded. 


Individusd  Blaster  Node  Cards  for  NBIN  >  0  (1615)  —  Master  nodes  are  input 
individually  when  NBIN  >  0.  For  positive  TYPE  (1  or  2)  the  nodes  must  be  input  in  the 


proper  order,  as  described  for  the  proceediog  NMG  Grouped  Master  Node  Cards.  Idaster 
nodes  can  be  input  with  both  groups  of  nodes  and  individual  nodes,  if  the  individual  nodes 
are  at  the  far  end  of  the  master  surface. 

For  negative  TYPE  (-1  or  -2),  the  continuity  of  the  line  can  be  broken  by  inserting  a  node 
numberofO.  The  0  node  niunbers  must  be  included  in  NMN. 

Ml...BfN  s  Master  nodes  in  proper  order  from  Ml  to  MN. 

Note:  If  any  node,  M1...MN,  exceeds  the  15  format  (^100,000),  set  Ml  s 
-1  and  then  read  all  nodes  Ml..  JdN  on  the  following  cards  in  8110 
format. 

NSG  Grouped/Chunk  2D  Slave  Node  Cards  (315, 5X,  215)  —  This  option  allows  the 
slave  nodes  to  be  input  in  groups  or  chunks.  The  slave  nodes  must  be  to  the  left  of  the 
master  surface  when  moving  from  the  first  master  node  to  the  last  master  node.  If  there  is 
no  douUe  pass  (IT2  s  O),  the  slave  nodes  can  be  input  in  any  order.  If  the  double  pass 
option  is  used  (IT2  >  0),  the  slave  nodes  must  be  input  in  the  opposite  direction  of  the 
master  nodes.  The  first  slave  node  must  be  near  the  last  master  node  and  the  last  slave 
node  must  be  near  the  first  master  node.  This  means  the  master  surface  is  to  the  left  of  the 
slave  surface  when  moving  firom  the  first  slave  node  to  the  last  slave  node. 

SlG  =  First  node  in  the  group  of  slave  nodes.  Leave  blank  (S1G>0)  if  slave 

nodes  are  defined  by  chunks. 

SNG  =  Last  node  in  the  group  of  slave  nodes. 

Note:  If  SlG  and/or  SNG  exceed  the  15  format  (^lO^.OOO),  set  SlG  s  -1 
and  then  read  SlG  and  SNG  on  the  following  card  in  2110  format. 

INC  s  Increment  between  the  nodes  in  the  group  of  slave  nodes. 

CHUNK  s  Chunk  number  used  to  define  slave  nodes.  The  chunk  must  be  specified 
in  the  element  input  data  with  the  Chunk  Definition  Cards.  Chunks 
that  will  be  described  with  the  NCHNK  Chunk  Element  Cards  cannot  be 
used  to  define  slave  nodes,  because  these  have  not  yet  been  defined. 
Leave  blank  (CHUNK  s  O)  if  slave  nodes  are  defined  as  groups. 


SURF  s  0  will  define  all  nodes  in  the  chunk  as  slave  nodes  (induding  interior 

nodes). 

«  1  will  define  only  the  exterior  surface  nodes  in  the  chunk  as  slave  nodes. 
Also  includes  finee  standard  nodes,  whose  elements  in  the  chunk  have 
eroded. 

Individual  Slave  Node  Cards  for  NSN  >  0  (16IS)  —  Slave  nodes  are  input  individually 
whenNSN>0.  Restrictions  on  order  ofinput  are  as  described  fiur  the  NSG  Grouped  Slave 
Node  Cards.  Can  be  used  in  coidunction  with  the  Grouped  Slave  nodes. 

S1...SN  s  Slave  nodes  in  proper  order  bom  Si  to  SN. 

Note:  If  any  node.  S1...SN,  exceeds  the  15  format  (^100,000),  set  SI  »  -1 
and  then  read  all  nodes  S1...SN  on  the  following  cards  in  8110  format. 

NSR  Slave  Node  Limits  Cards  (4P10.0, 18)  —  This  option  allows  all  nodes  within  a 
specified  region  to  be  designated  as  slave  nodes.  As  there  is  no  specific  order,  tbia  option 
can  be  used  only  with  IT2  s  0.  Can  be  used  in  coiyunction  with  the  Grouped  and  Individual 
slave  nodes. 

Maximum  R  coordinate  of  slave  node  region  (distance), 
hfinimum  R  coordinate  a[  slave  node  region. 

Maximum  Z  coordinate  of  slave  node  region. 

Minimum  Z  coordinate  of  slave  node  region. 

0  will  define  all  nodes  in  the  region  as  slave  nodes  (including  interior 
nodes). 

1  will  define  only  the  external  surface  nodes  in  the  region  as  slave  nodes. 
Also  includes  free  standard  nodes  (whose  elements  in  the  region  have 
eroded). 

Slidiiif  Interfooe  IdentifiGation  Card  for  8D  Geometry— As  Required  (915, 6X, 
8F10.0)  —  Each  3D  sliding  interface  contains  one  Sliding  Interface  Identification  Card  and 
cards  (as  required)  descrilnng  the  master  surfaces  and  slave  nodes.  The  mass  and  spacing 
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of  the  slave  xuxles  shotild  not  be  significantly  greater  than  that  of  the  master  nodes  in  the 
initial  or  defitrmed  geometry  unless  a  double  pass  is  used.  Also,  the  3D  slave  nodes  cannot 
be  restrained  in  the  Z  direction.  The  user  should  be  familiar  with  the  node  generators 
before  proceeding.  For  EPIC-CTH  linked  computations,  a  master  surface  must  define  the 
interface  of  EPIC  and  CTH.  This  sliding  interface  must  contain  no  slave  nodes  (NSG  s 
NSN»NSR»0). 


If  bride  elements  are  to  act  as  master  surflEu^,  the  quadrilateral  face  should  be  defined  as 
two  triangular  faces.  There  has  been  limited  checkout  of  sliding  with  brick  elements,  and 
the  user  shotild  be  aware  that  unforeseen  problems  could  develop. 


The  searching  time  for  3D  interfaces  can  be  significant  Therefore,  it  is  important  to 
minimize  the  master  surface  and  slave  nodes  when  possible.  Future  work  wiU  be  directed 
at  decreasing  the  CPU  time  required  for  3D  sliding  interfaces. 


NMG 


SEEK 


s  Number  of  master  surface  geometries  required  to  completely  define  the 
master  surface.  No  special  order  is  required  as  the  3D  master  surface  is 
composed  of  individual  triangular  planes. 

=  A  code  describing  the  search  routines  used  to  find  the  appropriate 
triangular  plane  on  the  master  surface.  The  specialized  routines  (SEEK 
s  ±1,  ±2,  ±.3)  can  be  used  whenever  the  master  surface  is  a  sin^e  valued 
function  of  two  coordinates  (i.e.,  any  vertical  line  parallel  to  a  specified 
axis  must  not  pass  through  the  master  surfoce  at  more  than  one  point.) 
For  eroding  sliding  surfaces  set  SEEK  s  4  or  5. 

=  -1  for  all  slave  nodes  on  the  negative  X  side  of  the  master  surface. 

s  1  for  all  slave  nodes  on  the  positive  X  side  of  the  master  surface. 

=  -2  for  all  slave  nodes  on  the  negative  Y  side  of  the  master  surface. 

s  2  for  all  slave  nodes  on  the  positive  Y  side  of  the  master  surface. 

*  -3  for  all  slave  nodes  on  the  negative  Z  side  of  the  master  surface. 

s  3  for  all  slave  nodes  on  the  positive  Z  side  of  the  master  surface. 
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NSG 

NSN 

NSR 

TYPE 


*  4  for  the  generalized  search  Toutine.  Every  master  triangular  surfoce  is 
considered  for  each  slave  node.  If  a  slave  node  is  contained  in  the 
triangular  prqjection  (onto  a  principal  plane)  of  one  or  more  master 
surface  triangles,  and  if  it  is  close  to  the  triangular  plane  |Sn|  <  REF 
VEL  •  DT,  then  the  master  plane  dosest  to  the  slave  node  is  selected.  5n 
is  the  normal  distance  between  the  slave  node  and  the  master  plane, 

REF  VEL  is  the  reference  velodty  given  on  thin  card  and  DT  is  the 
integration  time  increment.  If  the  slave  node  projection  is  not  within  any 
master  triangular  projections  but  is  dose  normally  to  at  least  one 
triangular  plane  1 8n  |  <  REF  VEL  •  DT,  and  if  the  distance  from  the 
slave  node  projection  to  the  master  triangular  projections  is  small, 

I S  edge  I  <  REF  VEL  •  DT,  then  the  master  triangle  with  the  smaller 
I S  edge  I  is  selected.  More  detail  is  given  in  Reference  32. 

=  5  is  for  a  new  seardi  routine  that  eventually  may  be  faster  for  parallel 
processor  computers.  (Not  yet  available.) 

s  6  is  for  a  new  seardi  algorithm  that  is  more  accurate  for  complicated 
sliding  interfaces.  It  has  not  been  thoroughly  checked,  however,  and  the 
user  should  be  aware  that  unforeseen  problems  could  occur. 

s  Number  of  groups  or  diunks  of  slave  nodes  to  be  read. 

B  Number  of  slave  nodes  to  be  read  individually. 

B  Number  of  regions  of  slave  nodes  to  be  read. 

B  1  is  for  sliding  interfaces  without  erosion,  or  with  erosion  that  maintains 
the  eroded  mass  at  the  nodes. 

B  2  is  for  sliding  interfaces  with  erosion,  where  the  eroded  mass  is  not 
maintained  at  the  nodes.  This  is  the  option  that  should  be  used  when 
EPIC  Lagrangian  material  is  eroded  and  donated  to  the  CTH  Eulerian 
grid  for  EPIC-CTH  linked  computations.  Can  also  be  used  for  standard 
erosion  problems  without  the  link.  Eroded  mass  is  not  reported  in 
system/chunk  output  data. 

B  30  is  for  an  interfooe  where  no  sliding  or  separation  is  allowed.  This 
interface  becomes  activated  after  the  first  cycle  of  integration  is 
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go  (Jig  proUaiii  must  be  set  up  to  insure  that  no  relative  motion  occurs  (at  the 
intei&oe)  during  the  first  ^de.  (Not  yet  available.) 


MBOT 


Lowest  numbered  node  on  the  bottom  surfiace.  Used  only  fiar  an  eroding 
plate  to  detect  eroaionthrouid^  the  bottom  of  the  plate.  All  nodes  above 
the  bottom  surfisce  of  the  plate  must  have  lower  nodes  numbers  than 
MBOT.  This  criteria  is  satisfied  when  using  the  3D  rod  generator,  or  the 
3D  fiat  plate  generator  with  {date  TYPE  s  2  or  3.  Other  3D  erosion 
problems  can  be  handled  by  placing  part  of  the  master  sur&oe  at  the 
entry  sur&oe  and  part  at  the  exit  surface. 

Note:  If  MBOT  exceeds  the  15  fivmat  (kl00,000),  set  MBOT  s  -1  and 
then  read  MBOT  on  the  following  card  in  110  fiumat. 


0  will  not  release  restrained  slave  nodes. 

1  will  release  slave  nodes  firmn  the  {dane  of  symmetry  (at  Ys  0)  when 
they  interact  with  the  masttf  surface. 

Number  of  velocity  iterations.  Errors  in  the  velocity  match  lead  to  errors 
in  the  deviator  and  shear  stresses,  but  generally  not  the  {nessure.  For 
high  velocity  impact,  where  the  pressures  are  much  hii^ier  than  the 
deviator  and  shear  stresses,  a  relatively  low  value  of  ITs  lorrre2can 
be  used.  For  lower  pressure  {uoblems,  hi^ier  values  should  be  used,  IT 
s  2  to  rr  s  5.  The  velocity  iterations  are  performed  only  for  those  slave 
nodes  fimnd  to  be  in  contact  during  the  first  iteration.  For  sliding 
surfhoes  with  many  slave  nodes  in  contact  and  many  master  nodes,  high 
values  of  IT  can  lead  to  significant  increases  in  CPU  time.  For  the 
eroding  interface  0{>tion  (ERODE  >  0),  use  IT  s  l. 

For  the  automatic  sliding  option,  use  ITsfitolTslOforall  cases, 
including  erosion. 


REF  VEL  s  Refinenoe  velocity  (distance/sec  md),  which  when  multiidied  by  the 

integration  time  increment,  gives  a  reference  distance.  Slave  nodes  are 
considered  to  be  associated  with  a  particular  master  surface  only  when 
they  are  within  this  reference  distance.  It  is  reconunended  that  REF 
VEL  be  about  1.5  times  the  relative  imimct  velocity,  or  the  detonation 
velocity  of  explosives  contained  in  the  problem.  Iflefl  blank  (REF  VEL  s 
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0).  the  code  will  automatically  compute  REF  VEL.  If  it  is  observed  that 
slave  nodes  pass  thiouid^  the  master  surface,  then  the  reference  velocity 
should  be  increased  slightly. 

ERODE  -  Equivalent  plastic  strain  (or  volumetric  strain),  which  if  exceeded  by  any 

element  on  the  master  surfeoe,  will  cause  the  element  to  be  eroded. 
Subsequently,  the  master  surface  will  be  redefined  to  go  around  the 
failed  element.  This  allows  for  penetration  and  perforation  of  thick 
plates.  If  ERODE  «  0,  then  erosion  is  not  used.  For  3D  erosion 
problems,  ERODE  for  all  sliding  interfaces  must  be  identical.  Tlie 
specific  erosion  algorithm  is  described  in  Reference  26.  The  sliding 
erosian  algorithm  is  for  tetrahedral  elements  only,  and  cannot  be  used 
with  brick  elements. 

Because  total  failure  of  the  elements  must  be  achieved  by  the  eroding 
interface  algorithm,  it  is  important  that  EFAIL  (a  material  property)  be 
much  greater  than  ERODE. 

Can  use  single  or  double  pass,  as  described  for  the  2D  erosion.  A  double 
-  pass  may  significantly  increase  the  CPU  time. 

For  TYPE  »  1  the  eroded  mass  is  retained,  and  recommended  values  are 
ERODE  s  1.5  to  2.5.  The  primary  application  of  ERODE  for  TYPE  »  2  is 
for  linked  EPIC>CTH  computations,  where  the  Lagrangian  EPIC  grid  is 
highly  strained  and  then  donates  material  to  the  Eulerian  CTH  grid. 
Here,  recommended  values  are  ERODE  =  0.5  to  1.0.  Standard  erosion 
computations  can  also  be  performed  with  TYPE  s  2,  but  here  the  eroded 
mass  is  not  maintained,  and  the  result  is  that  mass,  momentum  and 
energy  are  not  conserved. 

FRICTION  s  The  coefiicient  of  sliding  friction.  Use  FRICTION  s  0  for  linked  EPIC- 
(TTH  runs,  because  all  interfece  conditions  are  defined  with  the  LINK 
input. 

Alternate  Identification  Card  for  Plane  of  Symmetry  (25X,  15, 20X,  2F10.0)  —  This 
card  is  used  in  place  of  the  previous  sliding  interface  identification  card  for  3D  geometry, 
for  the  special  case  alternate  planes  of  symmetry  that  contain  the  Z  axis.  Fm*  this  special 
case,  this  is  the  only  card  required.  It  is  not  necessary  to  define  master  surfaces  and  slave 
nodes.  This  special  sliding  interface  will  identify  all  nodes  on  the  specified  plane  of 
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syminetry.  These  nodes  will  be  allowed  to  slide  along  the  plane  of  sjrmmetry,  but  they  will 
not  be  allowed  to  move  off  of  that  plane  of  symmetry. 


TYPE  s  20  specifies  the  special  case  for  an  alternate  plane  of  symmetry. 

THETA  B  Ani^e  (degrees)  finom  the  X  axis  to  the  Y  axis,  when  viewed  from  the 

positive  Z  axis.  The  plane  of  symmetry  is  defined  by  the  Z  axis  and  the 
specified  an|^  THETA. 

DEL-THETA  >  The  tolerance  angle  (d^rees)  that  is  applied  to  the  angle,  THETA,  for 
selecting  the  imdes  that  are  included  on  the  plane  of  symmetry. 

Master  Definition  Card  for  Rectangular  Plate  Geometry  (215, 5X,  515)  —  One  card  is 
required  to  describe  a  master  surface  on  a  rectangular  flat  plate  (MGEOM  s  1)  as  shown  in 
Figure  28.  This  is  consistent  with  the  Rectangular  Flat  Plate  Geometry  Generator  shown 
in  Figure  25. 


1 

Ml 


DUG 


NML 


=  Identification  number  for  flat  plate  geometry  (MGEOM  =  1). 

s  Node  number  of  the  reference  node  on  the  master  surface  as  shown  in 
Figure  28. 

Note:  If  Ml  exceeds  the  15  format  (2100,000),  set  Ml  s  -1  and  then  read 
Ml  on  the  following  card  in  IlO  format. 

s  1  is  for  the  diagonal  orientation  shown  in  Figure  28. 

s  2  is  for  the  diagonal  orientatian  where  the  diagonals  go  in  the  general 
direction  away  firom  the  Ml  reference  node. 

«  5  is  for  the  symmetric  element  arrangement  where  there  are  seccmdaiy 
nodes.  This  generator  only  handles  the  t(q>  and  bottom  surfaces  of  a 
plate  where  IDL  or  IDW  is  ±  1.  The  other  surfeoes  can  be  handled  by  the 
General  Geometry  option. 

B  Number  ofnodes  per  row  of  master  nodes.  NML  is  equal  to  N  in  Figure 
28.  Each  row  of  master  nodes  must  have  the  same  niunber  of  nodes. 
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NMW 


m  Number  ofrows  of  master  nodes.  NMW  is  equal  to  M  in  Figure  28.  Note 
that  a  properiy  described  master  surface  will  pass  the  following  test. 
Place  a  right-handed  triad  of  orthogonal  vectors  on  node  Ml.  Point  the 
first  vector  (thumb)  away  frmn  the  master  surface  towards  the  slave 
nodes.  Point  the  second  vector  (index  finger)  down  the  row  of  nodes 
starting  at  Ml.  The  third  vector  (second  finger)  will  then  point  in  the 
directum  of  the  remaining  rows  of  nodes. 

IDL  s  The  node  number  increment  ahmg  the  rows  of  master  nodes.  IfMls 

100,  NML  s  6,  and  IDL  »  2,  then  the  first  row  of  nodes  in  the  master 
surface  consists  of  nodes  100, 102, 104, 106, 108, 110.  IDL  may  be 
negative. 

IDW  s  The  node  number  increment  between  the  first  node  in  each  row.  IfIDW 

a  20  and  Ml,  NML,  and  IDL  are  as  described  in  the  preceding 
description  of  IDL,  then  the  second  row  of  master  nodes  consists  of  nodes 
120, 122, 124, 126, 128, 130.  IDW  may  be  negative. 


Master  Definition  Card  for  Rod-Noee  Geometry  (815)  —  One  card  is  required  to 
describe  a  master  surface  onthe  outer  siirface  of  a  rod  and  a  nose  (MGEOM  s  2)  as  shown 
in  Figure  28.  This  is  consistent  with  the  Rod  and  Nose  Generator  shown  in  Figures  20  and 
21.  This  option  can  be  used  for  deep  penetration  problems  when  the  prqjectile  is 
significantly  harder  than  the  target.  The  master  siuface  contains  all  external  triangular 
planes  on  the  nose  and  specified  triangles  in  the  rod.  The  reference  master  node.  Ml,  is  at 
the  tip  of  the  nose  as  shown  in  Figure  28. 

For  this  option  the  slave  nodes  are  generally  in  the  target  It  is  recommended  that  ISR  »  1 
in  the  Sliding  Interface  Identification  Card,  if  there  are  any  restrained  nodes  on  the  plane 
of  sjrmmetry  at  Y  s  0.  Use  of  this  option  will  release  the  restraint  when  the  slave  node 
comes  in  contact  with  the  master  surface. 


2 

Ml 


MCODE 


s  Identification  number  for  rod-nose  geometry  (MGEOM  s  2). 

s  Node  number  of  the  reference  master  node  at  the  tip  of  the  nose,  as 
shown  in  Figure  28. 

Note:  If  Ml  exceeds  the  15  format  (^100,()(X)),  set  Ml  =  -1  and  then  read 
Ml  on  the  following  card  in  110  format. 

s  1  will  place  master  sxirface  on  the  inside  of  a  hollow  rod-nose  shape. 


Tl4280b 


133 


s  -1  (or  0)  will  place  master  surfkce  on  the  outside  of  the  rod-nose  sha^. 

D1A6  «  1  is  for  the  mmsymmetric  element  arrangement  as  shown  in  Figures  20 

and  21.  No  seoondaiy  nodes. 

«  5  is  for  the  symmetric  element  arrangement  as  shown  in  Figures  20  and 
21.  Indudes  secondaiy  nodes. 

NOR  >  Outer  node  ring  numherttf  the  nose  and  the  rod  of  the  prqjectile. 

NIR  K  Inner  ring  number. 

NPL  ss  Number  of  planes  of  nodes  in  the  rod  induded  in  the  master  surface.  The 

interface  ofthe  rod  and  the  noee  is  considered  to  be  plane  number  1.  If 
NPL  s  2,  then  the  master  surface  would  indude  all  triangular  faces  on 
the  nose,  plus  those  between  the  interface  plane  of  nodes  and  the  plane  of 
nodes  directly  above  the  interface  plane. 

FULL  s  0  is  for  a  half  rod  and  nose  with  a  plane  of  symmetry  at  Y  s  0. 

s  1  is  for  a  fall  rod  and  nose  without  a  plane  of  symmetry. 

Master  Definitioii  Card  for  Circular  Plate  (Didc)  Geometry  (SIS,  lOX,  IS)  —  One 
card  is  required  to  describe  a  master  surface  on  a  disk  (MGEOM  «  3).  This  option  can  he 
used  if  the  master  surface  is  on  a  disk  whose  nodal  arrangement  is  equivalent  to  that  of  the 
rod  generator  or  the  circular  flat  plate  generator  as  shown  in  Figures  20  and  24.  (A  disk  is 
simply  a  short  rod  or  cylinder.)  The  reference  node.  Ml,  is  at  the  crater  of  the  master 
surface  as  shown  in  Figure  23.  The  rod  for  this  case  must  be  solid  (NIR  *  0)  and  cannot  be 
hollow  (NIR  >  0). 

3  B  Identification  number  for  disk  geometry  (MGEOM  B  3). 

Ml  B  Nfjde  number  of  the  reference  master  node  at  the  top  crater  of  the  disk, 

as  shown  in  Figure  28. 

Note:  If  Ml  exceeds  the  15  format  (2100,0(X)),  set  Ml  b  ~i  and  then  read 
Ml  ra  the  following  card  in  110  format. 
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MCODE 


1  indicstM  th*  muter  suzfiu»  ie  on  the  top  surface  of  the  disk  (the  lower 
node  numbers  are  on  the  topX 


—1  indicatu  the  magtar  surface  is  od  the  bottom  of  the  disk. 


DIAG 


NRING 


1  is  for  the  nouymmetric  element  ..nrangement  u  shown  in  Figuru  20 
and  24.  No  secondary  nodu. 

5  is  for  the  qrmmetric  element  arrangement  u  shown  in  Figuru  20  and 
24.  Includes  secondary  nodu. 

Maximum  node  ting  number  included  in  the  muter  surface.  Can  be  leu 
than  the  number  of  rings  used  to  generate  the  entire  disk. 


FULL 


0  is  for  half  disk  with  a  plane  of  symmetry  at  Y  «  0. 
1  is  for  a  full  disk  without  a  plane  of  ssrmmetry. 


Maeter  Definition  Card  for  Cylinder  (Rod)  Geometry  (8U>)  —  One  UM  imqulreil  (D‘ 
deecribe  a  muter  surface  on  the  outer  or  inner  sur&oe  of  a  cylinder  or  rod  (MGEOM  »  4)  u 
shown  in  Figure  28.  This  is  consistent  with  the  rod  and  circular  plate  generators  shown  in 
Figuru  20  and  24.  The  reference  node,  Ml,  is  on  the  lower  end  of  the  Qrlinder  u  shown  in 
Figure  28.  Hi^er  node  numbers  are  on  the  lower  end. 

4  s  Identification  number  for  Cylinder  (Rod)  geometry  (MGEOM  B  4). 

Ml  s  Node  number  ofthe  reference  muter  node  on  the  lower  end  of  the 

cylinder  u  shown  in  Figure  28. 

Note:  If  Ml  exceeds  the  15  format  (2100,0(X)),  ut  Ml »  -1  and  then  read 
Ml  on  the  following  card  in  IlO  fimnat. 


MCODE 


1  indicatu  the  muter  surface  is  an  the  inside  of  the  qrlinder.  For  this 
option,  the  reference  muter  node.  Ml,  is  on  the  plane  of  symmetry,  on 
the  puitive  X  axis,  when  the  cylinder  is  in  a  vertical  position  about  the  Z 


-1  indicatu  the  muter  surfom  is  cm  the  outside  of  the  qrlinder.  Forthis 
option  the  refisrenoe  node  is  on  the  negative  X  axis. 
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DIAG  «  1  i«  for  tb«  nonsymmetric  element  arrangnne&t  as  shown  in  Figuras  20 

and  24.  No  seoondaiT  nodes. 

«  5  is  for  the  symmetric  element  arrangement  88  shown  in  Figures  20  and 
24.  Indudes  secondary  nodes. 

NOR  s  Outer  ring  number. 

NIR  ■  Inner  ring  number.  For  a  sdid  rod  NIR  «  0. 

NPL  «  Number  ofplanesafnodesinduded  in  the  master  surface.  Firstplaneis 

at  node  Ml  and  additional  idanes  move  upward. 

FULL  «  0  is  for  a  half  rod  with  a  plane  of  symmetry  at  Y«0. 

*  1  is  for  a  full  rod  without  a  plane  of  symmetry. 

Mlaater  Definition  Card  for  General  Geometry  (815)  —  One  card  is  required  to 

describe  a  general  series  of  triangular  master  planes  (M(iH  IM  i  fi^aaslliimi  iirrigiini  28. 

This  option  can  he  used  when  it  is  rmesBiaiy  t6"<keOTbe  a  general  master  surfoce  which 

cannot  be  defined  by  the  other  master  surfoce  generaton. 

5  «  Identification  number  finr  General  (Seometry  (MGEOM  B  5). 

NCOMP  «  Number  of  composite  groups  of  triangular  surfoces  to  generate.  Each 

composite  group  contains  one  (M4  *  0),  two  (M4  >  0  and  M5  »  0),  or  four 
(M5  >  0)  trian^es.  In  Figure  28,  NCOMP  >  3  fin*  both  cases  shown. 

INC  «  Node  number  increment  (positive  or  negative)  between  corresponding 

nodes  in  each  composite  group  of  triangular  elements. 

Ml  a  Number  rderence  master  node.  Nodes  Ml,  M2,  and  M3  must  be 

countardockwise  vdien  viewed  firom  the  slave  node  side  of  the  master 
surface. 

M2  a  Number  of  eectmd  node. 

B(K  a  Number  <d' third  node. 
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M4 


■  Number  of  fourth  node.  IfM4B0,  only  one  trian^e  will  be  generated  for 
each  compoeite  group  of  trianfde*.  If  M4  >  0  and  MS  s  0,  then  Ml,  M2, 
M3,  and  M4  must  be  cotmterdodcwise,  and  two  trian^es  (Ml,  M2,  M3, 
and  Ml,  M3,  M4)  are  generated  for  each  composite  group,  as  shown  in 
Figure  28. 

MS  s  Number  of  fifth  node.  IfMSsO,  onlyoneortwotrianc^arefiirmedfor 

each  compoeite  group  of  trian^es.  If  MS  >  0,  then  four  triani^  are 
generated  for  each  compoeite  group  of  trian^es,  as  shown  in  Figure  28. 

Note:  If  Ml,  M2,  M3,  M4,  and/or  MS  exceed  the  IS  fiirmat  (2l(X),(X)0),  set 
Ml «  -1  and  then  read  Ml,  M2,  M3,  M4,  and  MS  on  the  fdlowing  card  in 
SIlO  format 

Master  Definition  Card  for  3D  Region  (215, 6F10.0)  —  This  card  allows  the  master 
surfaces  to  be  determined  automatically.  All  surface  segments  (element  faces)  are  defined 
as  the  master  surface  within  a  specified  region.  Althoutfo  this  option  simplifies  input,  it 
can  increase  CPU  time  if  the  master  surface  includes  regions  where  there  is  no  interaction 
with  slave  nodes.  - - -  - 

6  s  Identification  number  for  3D  Region. 

YSYM  s  0  will  not  include  master  segments  on  the  X-Z  plane  at  Y  sQ. 

s  1  will  include  master  segments  on  the  X>Z  plane  at  Y  s  0. 

XMAX  s  Maximum  X  coordinate  of  master  surface  region  (distance). 

XMIN  s  Minimum  X  coordinate  of  master  surface  region. 

YMAX  s  Maximum  Y  coordinate  of  master  surface  region. 

YMIN  *  Bfinimum  Y  coordinate  of  master  surface  region. 

ZMAX  «  Maximum  Z  coordinate  oS  master  surface  region. 

ZbfIN  •  Minimum  Z  coordinate  of  master  surface  region. 
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Note:  IfXMAX«XMIN«YMAX-YMIN-ZMAX»ZMIN-0,  then  the 
entire  problem  will  be  induded. 

MaaterDefinitioii  Card  for  SD  Projectile  Only  (2IS,  6P10.0)  —  This  card  allows  the 
master  suifooe  on  the  prqjectile  to  be  determined  automatically.  See  previous  card  for 
definition  of  input  vaxiaUes. 

7  m  Identification  number  for  3D  Progectile. 

YSYM  s  0  will  not  include  master  segments  on  the  X-Z  plane  at  YsO. 

«  1  will  include  master  segments  on  the  X-Z  plane  at  Y  =  0. 

XMAX  s  Maximum  X  coordinate  of  master  surface  region  (distance). 

XMIN  B  Minimum  X  coordinate  of  master  surfoce  region. 

YMAX  =  Maximum  Y  coordinate  of  tnaator  surfoce  region. 

YMIN  =  Minimum  Y  coordinate  of  master  surface  region. 

ZMAX  s  Maximum  Z  coordinate  of  master  surfoce  region. 

ZMIN  =s  Minimum  Z  coordinate  of  master  surfoce  region. 

Note:  If  XMAX  B  XMIN  B  YMAX  B  YMIN  B  ZMAX  B  ZMIN  bO.  then  the 
entire  problem  will  be  included. 

Blaster  Definition  Card  for  3D  Target  Only  (215, 6F10.0)  —  This  card  allows  the 
master  surface  on  the  target  to  be  determined  automatically.  See  two  previous  cards  for 
definition  of  input  variables. 

8  s  Identification  number  for  3D  Target 

YSYM  B  0  will  not  include  master  segments  on  the  X-Z  plane  at  Y  bO. 

B  1  will  indude  master  s^[ments  on  the  X-Z  plane  at  Y  »  0. 

XMAX  B  Maximum  X  coordinate  of  master  surfoce  region  (distance). 
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XMIN 


Minimum  X  coordinate  of  master  surface  region. 


YMAX  s  Maximum  Y  coordinate  of  master  surface  region. 

YMIN  •  Minimum  Y  coordinate  of  master  surface  region. 

ZMAX  B  Maximum  Z  coordinate  master  surface  region. 

ZlkON  s  Idinimum  Z  coordinate  of  master  surfiBice  region. 

Note:  IfXMAX  s  XMIN  s  YMAX  »  YMIN  «  ZMAX  »ZMIN»0.  then  the 
entire  problem  will  be  included. 

Master  Definitioii  Card  for  3D  Node/Element^Material  (215, 5110)  —  Tliis  card  allows 
the  master  surface  to  be  defined  fitr  a  range  of  node  numbers,  or  a  range  of  element 
nvimbers,  or  a  material  number.  Only  one  of  the  three  options  can  be  used  on  a  card. 

9  s  Identification  number  for  3D  Node/Element/Material. 

YSYM  s  0  will  not  include  master  segments  on  the  X-Z  plane  at  Y  sO. 

s  1  will  include  master  segments  on  the  X-Z  plane  at  Y  =  0. 

MAX  NODE  <B  Maarimum  node  number  for  master  surface  governed  by  nodes.  Leave 
blank  (MAX  NODE  s  0)  if  governed  by  elements  or  material. 

MIN  NODE  s  Minimum  node  number  for  master  surface  governed  by  nodes. 

MAXELE  B  Maximum  element  number  for  master  surfoce  governed  by  elements. 

Leave  blank  (MAX  ELE  »  0)  if  governed  by  nodes  or  material. 

MINELE  s  Minimum  element  number  for  master  surface  governed  by  elements. 

B4[ATL  B  Material  number  fiar  master  surfoce  governed  by  material.  Leave  blank 

(MATL  B  0)  if  governed  by  nodes  or  elements. 

Master  Deflnitioti  Card  for  SD  Chunks  (815)  —  This  card  allows  the  master  surface  to 
be  defined  for  a  chunk,  as  specified  in  the  dement  input  data  with  the  Chunk  Definition 
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Cards.  Chunks  that  will  he  described  with  the  NCHNK  Chunk  Element  Cards  cannot  be 
used  to  define  master  surfhces,  because  these  have  not  yet  been  defined. 

10  s  Identification  number  for  2D  chunks. 

YSYM  K  0  will  not  include  master  segments  on  the  X-Z  plane  at  YsO. 

s  1  will  include  master  segments  on  the  X-Z  plane  at  Y  s  0. 

CHUNK  s  Chimk  number  finr  which  master  surface  is  determined. 

Bfaater  Definition  Card  for  3D  Automatic  Sliding  (I5»  5X,  6F10.0)— This  card  allows 
the  user  to  define  all  siirfaces  as  sliding  interfaces.  Master  surfaces  and  slave  nodes  are 
defined  automatically.  This  is  currently  available  only  for  impact  problems  and  not  finr 
explosive  detonation  problems.  Can  be  limited  to  a  region  (to  save  CPU  time)  or  can  include 
entire  problem.  If  this  option  is  used  there  can  be  no  other  sliding  interfaces  in  the 
problem.  Also,  it  is  not  necessary  to  define  slave  nodes  separately.  This  option  can  require 
considerably  more  CPU  time  for  some  problems.  In  the  previous  card,  must  use  NMG  s  1, 
SEEK  2: 4  and  NSG  s  NSR  =  MBOT  =  0.  Finally,  exterior  bar  and  shell  elements  will  not 
act  as  master  surfaces,  but  their  nodes  will  act  as  slave  nodes. 

99  s  Identification  number  for  3D  global  sliding. 

XMAX  «  Maximum  X  coordinate  of  master  surGsce  region  (distance). 

XMIN  s  Minimum  X  coordinate  of  master  surface  region. 

YMAX  s  Maximum  Y  coordinate  of  master  surface  region. 

YMIN  «  Minimum  Y  coordinate  of  master  surface  region. 

ZMAX  m  Maximum  Z  coordinate  of  master  surface  region. 

ZMIN  s  Minimum  Z  ooordiimte  of  master  surface  region. 


Note:  If  XMAX  «  XMIN  »  YMAX  >  YMIN  »  ZMAX.  ZMIN  «0  then  the 
entire  problem  will  be  included.  Otherwise,  region  of  sliding  can  be 
limited  by  spedfiring  XMAX...ZMIN. 
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Blaster  Definition  Card  for  PATRAN  Geometry  (315)  —  This  option  allows  the  user  to 
generate  meste**  surfaces  with  PATRAN,  and  then  to  incorporate  them  into  the  EPIC 
Preprocessor.  The  PATRAN  file  will  be  read  firom  EPIC  file  designation,  INPAT,  which  is 
the  same  file  from  which  the  node  and  element  data  are  read. 

A  master  surface  may  be  defined  in  PATRAN  with  TRI/3,  or  QUAD/5  elements  paved  over 
the  top  of  an  avinting  hyperpatch  face.  The  QUAD/5  element  will  generate  four  individual 
triangular  surfaces.  For  the  individual  TRI/3  elements,  the  diagoimls  must  be  properly 
aligned.  Nodes  fiur  both  the  TRI/3  and  QUAD/5  must  be  in  a  counterclockwise  order  when 
viewed  fiom  the  slave  node  position.  Master  surfaces  can  be  generated  as  follows: 

•  Create  a  duplicate  patch  along  the  face  of  the  hyperpatch  which  requires  a  sliding 
surface 

•  GFEG-CFEG  this  patch  to  match  the  meshing  on  the  corresponding  face  of  the 
hyperpatch.  Keep  track  of  the  first  and  last  element  IDs  on  this  patch. 

•  EQUrV  the  active  set  to  force  the  duplicate  patch  to  attain  the  same  node  munbers  as 
the  hyperpatch  face. 

888  =  Code  to  direct  EPIC  to  read  PATRAN  file. 

PLl  s  Lowest  element  number  in  PATRAN  file  to  be  read  and  translated  to 

EPIC  master  surface  data.  Specific  element  number,  PLl,  must  exist  in 
PATRAN  file. 

PLN  s  Highest  element  number  in  PATRAN  file  to  be  read  and  translated. 

Specific  element  number,  PLN,  must  exist  in  PATRAN  file. 

Note:  If  PLl  and/or  PLN  exceed  the  15  format  (^100,000),  set  PLl  =  -1 
and  then  read  PLl  and  PLN  on  the  following  card  in  2110  format. 

NSG  Grouped/Chunk  3D  Slave  Node  Cards  (315, 5X,  215)  —  This  option  allows  the 
slave  nodes  to  be  input  in  groups  or  chunks. 

SlG  «  First  node  in  the  group  of  slave  nodes.  Leave  blank  (SlG  »  0)  if  slave 

nodes  are  defined  as  ch\mks. 

SNG  s  Last  node  in  the  group  of  slave  nodes. 

s 
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INC 

CHUNK 


SURF 


Note:  If  SlG  and/or  SNG  exceed  the  IS  format  (2100,000),  set  SlG  s  -1 
and  then  read  SlG  and  SNG  on  the  following  card  in  2110  format. 

s  Increment  between  the  nodes  in  a  group  of  slave  nodes. 

a  Chuxik  number  used  to  define  slave  nodes.  The  chunk  must  be  specified 
in  the  element  input  data  with  the  Chunk  Definition  Cards.  Chunks 
that  will  be  described  with  the  NCHNK  Chunk  Element  Cards  cannot  be 
used  to  define  slave  nodes,  because  these  have  not  yet  been  defined. 
Leave  blank  (CHUNK  s  0)  if  slave  nodes  are  defined  as  groups. 

s  0  will  define  all  nodes  in  the  chiink  as  slave  nodes  (induding  interior 
nodes). 

s  1  wiU  define  only  the  exterior  surface  nodes  in  the  chunk  as  slave  nodes. 
Also  indudes  free  standard  nodes,  whose  elements  in  the  chunk  have 
eroded. 


Individual  Slave  Node  Garda  for  NSN  >  0  (1615)  —  Slave  nodes  are  input  individually 
when  NSN  >  0.  Can  be  used  in  coiyunction  with  the  grouped/chunk  slave  nodes. 

S1...SN  s  Slave  nodes  (in  any  order). 

Note:  If  any  node,  S1...SN,  exceeds  the  15  format  (2100,000),  set  Si  =  -1 
and  then  read  all  nodes  S1...SN  on  the  following  cards  in  8110  format. 

NSR  Slave  Node  Limits  Cards  (6F10.0, 15)  —  This  option  allows  all  nodes  in  a  specified 
region  to  be  designated  as  slave  nodes.  Can  be  used  in  copjunction  with  the  grouped, 
chimk,  and  individual  slave  nodes. 


XMAX 

XMIN 

YMAX 

YMIN 

ZMAX 


s  Maximum  X  coordinate  of  slave  node  region  (distance). 
m  Minimum  X  coordinate  of  slave  node  region, 
s  Maximum  Y  coordinate  of  slave  node  region, 
s  Minimum  Y  coordinate  of  slave  node  region, 
s  Maximum  Z  coordinate  of  slave  node  region. 


ZMIN 

SURF 


s  Minimum  Z  coordinate  of  slave  node  region. 

m  0  will  define  all  nodes  in  the  region  as  slave  nodes  (including  interior 
nodes). 

■c  1  will  define  only  the  external  surface  nodes  in  this  region  as  slave  nodes. 
Also  includes  free  standard  nodes  (whose  elements  have  eroded). 


e.  PATRAN  Preprocessor 

This  subsection  is  included  to  note  that  PATRAN  can  be  used  to  generate  nodes, 
elements  and  SD  sliding  interfaces.  This  capability  was  developed  using  PATRAN  2.5. 
After  the  PATRAN  file  has  been  generated,  it  is  read  by  the  EPIC  preprocessor.  Specific 
details  are  provided  in  the  preceding  three  subsections  for  node,  element  and  sliding 
interface  input. 

2.  INPUT  DATA  FOR  THE  MAIN  ROUTINE 

The  function  of  the  Main  Routine  is  to  perform  the  computations.  It  may  be  used  in 
conjunction  with  the  Preprocessor,  or  it  can  read  initial  conditions  from  the  restart  file  that 
has  been  previously  generated  firom  a  Preprocessor  run  or  another  Main  Routine  run.  The 
following  descriptions  are  for  the  data  in  Figure  6.  Consistent  units  must  be  used  and  the 
unit  of  the  time  must  be  in  seconds. 


Restart  Description  Card  (216,  A70)  <—  This  card  is  used  only  for  restart  runs.  If  the 
Main  Routine  is  run  in  ooiqunction  with  the  Preprocessor  (TYPE  b  2  on  Preprocessor 
Miscellaneous  Card),  then  this  card  is  omitted. 

TYPE  s  3  indicates  standard  restart  run. 

a  5  indicates  an  EPIC-CTH  linked  run. 

CASE  B  Case  number  for  run.  Must  be  identical  to  case  number  finm  previous 

run. 


MAIN  B  Description  of  problem  provided  the  user. 

DESCRIPTION 


i 


i 


i 


» 
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Time  Intecration  Card  (IS»  SX,  7F10.0)  — 


CYCLE 

TIME 

imiAX 

DTMIN 

SSF 

TMAX 

CPMAX 

EMAX 


B  Cyde  number  at  which  the  nm  begins.  The  <7ele  numbers  for  which 
restart  files  are  written  are  given  in  the  printed  ou^t  of  the  previous 
run  (Preprocessor  or  Main  Routine).  If  CYCLE  =  0  the  restart  is 
requested  on  the  basis  of  time. 

B  Time  (second)  at  which  the  restart  is  requested  (for  CYCLE  =  0). 

Restarts  can  be  requested  by  CYCLE  or  TIME. 

B  Maximum  integration  time  increment  which  will  be  used  for  the 
equations  of  motion  (second). 

B  Minimum  integration  time  increment  allowed  (second).  If  exceeded,  the 
results  will  be  written  onto  the  restart  file  and  the  run  will  stop. 

=  Fraction  of  the  sound  speed  transmit  time  used  for  the  integration  time 
increment.  Must  be  less  than  1.0.  General  practice  is  to  use  SSF  s  0.9. 
However,  eroding  interfaces  sometimes  may  require  a  lower  value.  If 
there  appears  to  be  excessive  erosion,  then  try  a  lower  value  of  SSF  «  0.7. 

s  Maximum  time  the  problem  is  allowed  to  run  (second).  This  time  refers 
to  the  dynamic  response  of  the  system,  not  the  central  processor  time 
(CPMAX)  described  next.  The  results  at  time  »  TMAX  are  written  onto 
the  restart  file,  and  the  run  is  discontinued. 

s  Central  processor  time  at  which  the  results  will  be  written  onto  the 
restart  file  and  the  run  will  stop.  The  time  units  for  this  input  can  be 
seconds,  minutes,  or  hoiirs.  It  should  coincide  with  the  units  the  specific 
computer  uses  to  measure  central  processor  time.  Ifleft  blank  (CPMAX 
=  0),  there  will  be  no  check  for  a  CPU  limit 

s  Upper  limit  for  total  kinetic  energy.  This  is  used  for  numerical 
instability  checks.  The  run  will  stop  if  the  kinetic  energy  exceeds 
EMAX  Ifleft  blank,  EMAX  will  automatically  be  set  to  1.5  times  the 
initial  total  energy.  If  energy  is  added  to  the  system  (through  velocity  or 
pressure  boundary  conditions),  then  it  is  necessary  to  specify  EMAX. 
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» 


TPLOT 


DROP 


PRES 


PUSH 


HRG 


B  0  will  not  read  input  and  write  time  plot  data  to  a  file. 

B  1  will  read  input  and  write  specified  time  plot  on  a  file  for  eventual 
postprocessing. 

s  0  will  not  allow  problem  size  to  be  reduced. 

B  1  will  allow  the  problem  size  to  be  reduced  at  a  specified  time. 

B  0  gives  no  applied  pressures  read  or  applied. 

2  1  will  read  applied  pressures  to  be  used  for  computations  in  this  run. 
PRES  is  the  niunber  of  groups  of  surfaces  for  which  different  pressures 
are  applied. 

B  0  gives  no  applied  nodal  velocities  read  or  applied. 

2>  1  will  read  applied  nodal  velocity  data  to  be  used  for  computations  in  this 
run.  PUSH  is  the  number  of  groups  of  nodes  for  which  different 
velocities  are  applied. 

B  0  will  not  compute  hourglass  viscosity. 

B  1  will  use  hourglass  artificial  viscosity  for  3D  nonsymmetric  brick 
element  arrangements,  when  computing  average  pressures 
(VFRACT  >  0)  for  solid  materials  (MTYPE  b  l).  This  is  generally  not 
required. 

Note:  Hourglass  viscosity  is  always  included  for  2D  quad  elements  and 
3D  brick  elements. 


VFRACT  B  Fraction  of  initial  volume  of  a  composite  2D  quad  composed  of  two 

trianifes  or  a  composite  3D  brick  composed  of  six  tetrahedral  elements, 
at  vdiidi  an  individual  element  pressure  is  computed.  Applied  to  DIAG  s 
1-4  finr  2D  geometry  and  DIAG  b  1  for  3D  geometry.  Applies  only  to  sdid 
materials  (MTYPE  b  l). 
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A  single  average  pressure  is  computed  fiur  the  two  (2D)  or  six  (3D) 
elements  in  the  composite  element  until  one  or  more  achieve  a  relative 
volume  less  than  VFRACT.  This  average  pressure  techniqiie  reduces  the 
number  of  incompressibility  constraints  and  provides  significant 
increased  accuracy  for  these  element  arrangements  (References  26  and 
27). 

When  the  relative  volume  of  a  specific  element  falls  below  VFRACT,  then 
an  individual  pressure  ia  computed  for  that  element,  and  the  remaining 
elements  (if  any)  use  an  average  pressure. 

Plot  Card  for  TPLOT*  1  (415, 6P10.0)  —  This  card  specifies  system,  chunk,  node,  and 

element  time  history  data  to  be  written  onto  a  file  for  eventual  postprocessing. 

SYS  s  0  will  not  write  the  S3rstem  and  chunk  data  on  the  time  plot  file. 

as  1  will  write  all  the  system  and  chunk  data  on  the  time  plot  file. 

NPLOT  s  Number  of  nodes  for  which  data  wiU  be  written  on  the  time  plot  file.  The 

individual  nodes  are  specified  on  the  Designated  Nodes  Card. 

LPLOT  s  Number  ofelements  for  which  data  will  be  written  on  the  time  plot  file. 

The  individual  elements  are  specified  on  the  Designated  Elements  Card. 

DPLOT  s  0  will  not  provide  dynamic  plots. 

•  1  will  provide  state  dynamic  plots  as  run  progresses.  This  requires 
additional  plot  definition  input  (cm  file  INPl  s  1)  in  the  same  format  as 
used  for  the  State  Plots.  Not  available  for  RSCORS  graphics. 

s  -1  will  provide  state  dynamic  plots  (same  as  DPLOT  =  1),  and  will  also 
create  RGB  screen  diunps  of  an  EPIC  DGL  graphic. 

This  feature  is  implemented  by  forking  a  child  process  bom  within  EPIC 
to  run  the  SGI  utility  “scrsave”  with  the  appn^iriate  dimensions  to  save 
the  window  in  question.  The  IKjB  file  is  written  to  the  current  directory 
with  filename  *ExxWy3rCzxxsz.RGB”,  where  zx  corresponds  to  the 
problem  case  number,  yy  to  the  window  ID,  and  zzzzz  to  the  cycle 
number  for  that  graph.  It  is  assumed  that  Tusr/sbin/scrsave”  is  on  your 
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PATH.  If  this  is  not  the  case,  jrou  will  need  to  modify  your  *  Jogin”  file 
aocordini^y. 

RGB  writes  are  available  in  both  the  Dynamic  version  of  EPIC  and  the 
post  processors.  In  Dynamic  EPIC,  a  negative  DTPLOT  will  cause  RGB 
files  to  he  written  at  DTDYN  intervals  over  the  entire  length  of  the 
simulation.  In  the  post-processors,  a  new  menu  fimction  "Write  RGB  file 
. . has  been  added. 

2  will  provide  time-history  dynamic  plots  as  run  progresses.  Hus 
requires  additional  plot  definition  input  (on  file  INP2  s  2)  in  the  same 
fisrmat  as  used  for  the  Time  ITots.  (Not  yet  available.) 

3  will  provide  both  state  and  time-history  dynamic  plots.  (Not  yet 
available.) 

The  dynamic  plots  are  generated  at  intervals  of  DT  DYN.  The  definition 
of  the  dynamic  state  plots  is  provided  by  input  data  shown  in  Figure  7 
and  described  later.  The  dynamic  state  plot  input  data  are  read  firom  a 
separate  input  file,  INI. 

The  definition  of  the  dsmamic  time-history  plots  is  provided  by  input  data 
shown  in  Figure  8  and  described  later.  The  dynamic  time-histoiy  plot 
input  data  are  read  firom  a  separate  input  file,  IN2. 

Time  increment  at  which  the  system  data  are  written  on  the  time  plot 
file  (second).  These  quantities  do  not  vary  as  rapidly  as  do  the  individual 
node  and  element  data  so  a  larger  time  increment  can  be  used.  These 
quantities  also  require  more  CPU  time  to  compute,  so  a  larger  DT  SYS 
reduces  CPU  time. 

Time  at  which  the  first  system  data  are  written  on  the  time  plot  file 
(second).  If  left  blank,  the  time  at  the  luynning  of  the  Main  Routine  run 
will  be  used.  For  a  restart  run,  if  TSYS  <  TTME,  then  these  time  plots 
will  also  be  restarted  from  previous  run. 

Time  increment  at  whidi  the  individual  node  and  element  data  are 
written  on  the  time  plot  file  (second).  These  quantities  vary  more  rapidly 
than  the  system  data  so  a  smaller  time  increment  should  be  used. 
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a  Tune  at  which  the  first  individual  node  and  element  data  are  written  on 
the  time  plot  file  (second).  For  a  restart  run,  if  INODE  <  TDfE,  then 
these  time  plots  will  also  be  restarted  from  previous  run. 

DTDYN  a  Time  incrsment  at  whidi  the  dynamic  plots  are  generated  (second). 

TDYN  a  Time  at  which  the  dynamic  {dots  b^in  (second). 

Designated  Nodes  Card  for  NPIX)T  >  0  (1616)  —  This  card  is  used  (mly  if  there  are 
node  data  to  be  written  on  the  plot  file  (NFLOT  >  0  on  the  plot  card). 

N1..NN  a  Individual  node  numbers  for  which  (Lita  will  be  written  on  the  plot  file. 

May  be  input  in  any  order.  Program  will  sort  and  put  in  ascending  order. 
Must  also  be  input  for  subsequent  restart  runs  if  data  are  desired. 

Note:  If  any  nodes,  N1..NN,  exceed  the  15  format  (^100,(X)0),  set  Nl  a 
-1  and  then  read  all  nodes  N1..NN  on  the  fidlowing  cards  in  8F10.0 
format. 

Designated  Elements  Card  for  LPLCT  >  0  (1615)  —  This  card  is  used  only  if  there  are 
element  data  to  be  written  on  the  plot  file  (LPLOT  >  0  on  the  plot  card). 

E1..JN  a  individual  element  numbers  finr  which  data  will  be  written  on  the  plot 
file.  May  be  input  in  any  order.  Program  will  sort  and  put  in  ascending 
order.  Must  also  be  input  for  subsequent  restart  runs  if  data  are  desired. 

Note:  If  any  elements,  E1..J5N,  exceed  the  15  format  (^100,000),  set  El » 
-1  and  then  read  all  elements  E1...EN  on  the  following  cards  in  8110 
format 

DropCardforDROP-l(F10.0,I5,5X,4I5,10Z,2I5,2X,311,I5)  —  This  card  is  used 
only  if  changes  are  made  which  reduce  the  sixe  of  the  problem.  The  portions  of  the  problem 
ediidi  remain  are  those  whidi  were  input  first  Commmi  uses  are  to  drop  the  explosive 
gases  after  a  finer  has  been  accelerated,  or  to  drop  the  target  after  a  projectile  has 
perforated  the  target 

TDROP  B  Time  at  which  the  drop  (problem  size  reduction)  occurs  (seomd). 

NNODE  B  Total  number  of  nodes  whidi  remain  in  the  revised  problem. 


» 


» 


i 


Tisasob 


148 


NE1£ 


NSUD 

NRIG 

NCHNK 

NPLOT 

LPLOT 


■  Total  number  of  element*  vdiich  remain  in  the  revised  proUem. 

Note:  If  NNODE.  NNAB.  and/or  NELE  eaeeed  the  15  fbnnat  (2100.000), 
set  NNODE  »  -1  and  then  read  NNODE,  NNAB,  and  NELE  on  the 
fidlowing  card  in  3110  format. 

m  Number  ofelidinginteifiiioes  which  remain  in  the  revised  problem. 

B  Number  ctfrigid  systems  ofnodesvdiidi  remain  in  the  revised  problem. 

s  Number  of  subsystems  of  chunks  of  elements  which  remain  in  the 
revised  jffoUem. 

s  Number  of  nodes,  for  which  time^history  data  are  written,  whidi  remain 
in  the  revised  problem.  Because  these  are  sorted  at  input,  only  the 
lowest  numbered  nodes  remain. 

a  Number  of  elements,  for  whidi  time-history  data  are  written,  which 
remain  in  the  revised  problem.  Because  these  are  sorted  at  input,  only 
the  lowest  numbered  elements  remain. 


DC/R,IY,  IZ  m  Rigid  surface  designations  vdiidi  will  be  in  effect  See  descriptimi  in 
Prep  Miscellaneous  Card.  Must  redefine  even  if  no  dianges  are  to  be 
made. 

NFAIL  ■  Number  of  elements  whidi  will  be  designated  to  fiul  totally.  This  type  of 

failure  sets  all  stresses  in  the  element  to  sero.  It  essentially  makes  the 
element  disappear  except  that  mass  is  retained  at  the  nodes. 


Deaignated  Element  Failure  Card  for  NFADL  >  0  (1615)  —  This  card  is  used  only  if 
there  are  elemmits  to  be  totally  fisiled  (NFAIL  >  0). 

EF1..EFN  B  Elements  to  be  totally  failed  in  the  revised  problem. 

Note:  If  any  elements,  EFl.. EFN,  exceed  the  15  fisrmat  (2100,000),  set 
EFl  B  -1  and  then  read  all  elements  EFl..  J!FN  on  the  fi>llowing  cards  in 
8110  format. 


Pre—iure  Cards  for  PRES  i  1— As  Required  (615,  FlOX))  —  These  cards  describe  the 
apidied  pressures  and  the  surfaces  to  which  they  are  applied.  There  are  PRES  groups  of 
these  cards,  where  PRES  is  the  number  of  groups  of  surfaces  that  have  different  applied 
pressures.  These  Pressure  Cards,  and  the  following  Time-Pressue  Cards,  shoiild  be  read 
fi»r  surfaces  with  the  pressures,  before  the  next  set  of  Pressure  Cards  and  Time- 

Pressure  Cards  are  input  for  the  next  set  of  pressures.  If  other  pressures  were  used  in  a 
previous  IdAIN  routine  run,  they  are  all  deleted,  and  the  only  applied  pressures  which  act 
are  those  that  are  input  in  the  current  restart  run.  This  option  will  generally  require 
EMAX  to  be  defined  in  the  Time  Integration  Card.  End  with  a  blank  card  as  shown  in 
Figure  6. 

Nl,  N2,  N3,  s  Nodes  that  describe  the  surfaces  to  which  the  pressures  are  applied. 

N4 


If  ID  geometry  (GEOM  »  1. 2, 3),  the  pressure  is  applied  to  node  Nl,  in 
the  direction  of  node  N2. 

If  2D  geometry  (GEOM  s  4, 5, 6,  7),  the  pressrue  is  applied  to  the  side  of 
an  element  described  by  nodes  Nl  and  N2.  The  pressure  acts  firom  left  to 
right  when  viewing  node  N2  firom  node  Nl. 

If  3D  geometry  (GEOM  »  8),  the  pressure  is  applied  to  the  side  of  a 
tetrahedral  element,  or  the  face  of  a  triangular  shell  element,  described 
by  nodes  Nl,  N2,  and  N3.  The  pressure  is  applied  to  the  side^sce  fiur 
which  nodes  Nl,  N2,  and  N3  are  counterdockwise.  For  bridr  elements, 
use  nodes  Nl,  N2,  N3,  and  N4  in  a  counterclockwise  direction. 

Note:  If  Nl,  N2,  N3,  or  N4  exceed  the  15  format  (^1(X),(XX)),  set  Nl  s  -1 
and  then  read  Nl,  N2,  N3,  and  N4  on  the  following  card  in  4110  format. 

NSURF  s  The  n\unber  of  surfaces,  described  by  nodes  Nl,  N2,  N3,  and  N4,  together 

with  NODINC,  to  which  the  pressures  are  applied. 

NODINC  s  The  nodal  increment  between  subsequent  surfaces,  to  which  the 

pressures  are  applied.  If  Nl  »  1(X),  N2  ■>  101,  NSURF  s  3  and  NODINC 
s  5,  then  the  pressures  will  be  apjdied  to  three  element  sides  (100-101, 
100-106, 110-111). 


PRESSURE  «  Th»  praMures  which  are  applied  to  the  faces  of  the  elements  described  on 
this  card  (foroe/area). 

Time-Preaaure  Cards  for  PRES  2 1— As  Required  (2F10.0)  —  These  cards  allow  the 
applied  pressures  to  be  varied  as  a  fimction  of  time.  A  minimum  of  two  cards  should  be 
used,  which  span  the  time  from  the  beginning  of  the  run  to  TMAX.  Ifno  cards  are  given, 
then  P(T)  a  1.0  for  all  times.  End  with  a  blank  card  as  shown  in  Figure  6. 

PTIME  a  Hie  time  conrespondui^  to  P(T).  Cards  must  be  input  in  order  of 

increasing  time  (second). 

P(T)  a  Hie  fSactor  by  which  all  px^sures  are  multiplied  at  the  corresponding 

time.  Intermediate  values  are  linearly  interpolated  between  values  at 
specified  times.  Any  time  before  the  first  PTIME  will  use  the  first  P(T), 
and  any  time  after  the  last  PTIME  will  use  the  last  P(T). 

Velocity  Cards  for  PUSH  2 1— As  Required  (415,  SF10.0)  —  These  cards  describe  the 
applied  velocities  and  the  nodes  to  which  they  are  applied.  There  are  PUSH  groups  of  these 
cards,  where  PUSH  is  the  number  of  groups  of  nodes  that  have  different  applied  velocities. 
These  velocity  cards,  and  the  following  Time-Velocity  cards,  should  be  read  for  nodes  with 
the  same  velocities,  before  the  next  set  of  Velocity  Cards  and  Time-Velocity  Cards  are  input 
tar  the  next  set  of  velocities.  If  other  applied  velocities  were  used  in  a  previous  main 
routine  run,  they  are  all  deleted,  and  the  only  aj^lied  velocities  which  act  are  those  that 
are  input  in  the  current  restart  run.  This  option  will  generally  require  EMAX  to  be  defined 
in  the  Time  Integration  Card.  End  with  a  blank  card  as  shown  in  Figure  6. 


Nl  s  Hie  first  node,  in  a  series  of  nodes,  to  which  the  velocity  is  apidied. 

NN  =  The  last  node  in  a  series  of  nodes. 

Note:  If  Nl  and/or  NN  exceed  the  15  format  (^100,000),  set  Nl  s  -1  and 
then  read  Nl  and  NN  on  the  following  card  in  2110  format. 

INC  «  The  node  number  increment  between  Nl  and  NN. 

TYPE  s  0  will  read  V(T)  on  the  following  Time-Velocity  Cards,  and  will  then  set 

VX/R(T) «  VY/IXT) «  VZ(T) «  V(T). 


» 


i 
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«  1  will  not  read  V(T)  on  the  ibllowing  Tinie-Velocity  Cards,  but  will  read 
the  individual  velocity  component  fiactora  [VX/EUT),  VY/IXT)  and  VZ(T)]. 

>  2  will  read  and  impose  only  the  velocities  <m  the  specified  nodes.  The 
Y/r  velocities  and  Z  velodti^  will  not  be  affected. 

■  3  will  read  and  impose  only  the  Y/r  velocities. 

a  4  will  read  and  impose  only  the  Z  velocities. 

X/RDOT  a  X/R  velocity  imposed  on  nodes  N1...NN  (distance/time). 

Y/TDOT  a  Y/B  velocity  imposed  on  nodes 

ZDOT  a  Z  velocity  imposed  on  nodes  Nl..  JW. 


Tiiiie*Velocity  Cards  for  PUSH  ^  1 — As  Required  (5F10.0)  —  These  cards  allow  the 
applied  velocities  to  be  varied  as  a  fimction  of  time.  A  minimiim  of  two  cards  should  be 
used,  whidi  span  the  time  fipom  the  beginning  of  the  run  to  TMAX.  If  no  cards  are  given, 
then  V(D  a  l.O  for  all  times.  End  with  a  blank  card  as  shown  in  Figure  6. 


VTTME 

V(T) 


vx/Rcn 

VY/TCT) 

VZ(T) 


a  The  time  corresponding  to  V(D,VXyR(T),VY/r(T)  and  VZ(T).  Cards 
must  he  input  in  order  of  increasing  time  (second). 

a  The  Actor  by  which  all  applied  velocities  (X/RDOT,  Y/TDOT,  ZDOT)  are 
multiplied  at  the  corresponding  time,  for  TYPE  a  0.  Intermediate  values 
are  linear  interpolated  between  values  at  specified  times.  Anytime 
before  the  first  VTTME  will  use  the  first  V(T),  and  any  time  after  the  last 
VTIME  will  use  the  last  V(T). 

a  The  fimtor  by  whidi  the  applied  velodty  (X/RDOT)  is  multiplied  at 
the  oorrespanding  time  for  TYPE  a  l  and  2. 

a  The  factor  by  vdiich  the  Y/T  applied  velodty  (Y/IDOT)  is  multiplied  finr 
TYPE  a  1  and  3. 

a  The  factor  by  whidi  the  Z  applied  velodty  (ZDOT)  is  multiplied  for  TYPE 
a  1  and  4. 


Data  Output  Garda— As  Required  (4F10.0, 815)  —  These  cards  are  used  to  specify 
various  fivms  of  output  data  at  selected  times,  and  the  last  card  must  be  for  a  time  greater 
than  TMAX  even  though  output  will  not  be  provided  for  that  specific  time.  Recall  that 
output  is  automatically  provided  at  TMAX,  and  a  data  output  card  need  not  be  provided  for 
this  time.  End  run  with  a  blank  card. 


TIME  *  Time  at  which  output  data  will  be  provided  (second). 


ECHECK 


NCHECK 


RDAMP 


SAVE 


s  (3ode  which  governs  the  printed  output  Tlie  following  options  are 
provided: 

1.  If  ECHECK  k  999.,  the  individiial  node  data  and  element  data  will 
not  be  printed.  Only  system  data  such  as  eg  positions,  moments, 
energies,  and  average  velocities  are  provided  for  the  prqjectile,  target 
and  total  system. 

2.  If  ECHECK  is  less  than  999.,  the  system  data  and  individual  element 
data  will  be  printed  for  all  elements  (except  explosives)  which  have  an 
equivalent  plastic  strain  equal  to  or  greater  than  ECHECK  For 
example,  if  ECHECK  =  0.5,  all  elements  with  equivalent  plastic 
strains  equal  to  or  greater  than  0.5  will  have  data  printed. 

=  Net  nodal  velocity  used  to  govern  printed  output  for  nodes.  If  ECHECK 
is  less  than  999.,  and  the  net  nodal  velocity  is  greater  than  NCHECK, 
then  the  nodal  data  will  be  printed. 

s  Radial  damping  constant,  Cd  in  Equation  (38)  of  Reference  2  for  use  in 
axisymmetric  geometry  with  spin  only  (GEOM  =  7).  If  this  option  is  to  be 
used.  Reference  2  should  be  consulted.  This  damping  acts  until  the  time 
specified  in  the  fdlowing  Data  Output  Card. 

s  0  will  not  write  results  unless  run  is  stopped. 

=  -1  will  not  write  results  even  if  run  is  stopped. 

=  1  will  write  results  on  same  restart  file  (IRESIN)  for  possible  restart 
runs  or  state  plots.  Previous  and  current  run  are  on  same  restart  file. 


BURN 


YPRNT 


NDATA 


SLPR 


PROJ 


m  2  will  write  results  on  a  di£Gsrent  restart  file  (IRESOT)  fiur  possible 
restart  runs  or  state  plots.  Previous  and  current  run  are  on  diffierent 
restart  files. 

B  3  will  write  results  to  a  file  named  Eil^.  RES,  opened  on  channel  IRES03 
and  closed  inunediately  after  writing.  In  the  file  name, 
i  B  PCASE  on  the  Prep  Miscellaneous  Card  and  j  is  an  index  count  fiir 
each  set  (PATRAN  and/or  restart)  of  output  files  requested. 

B  0  will  print  all  explosive  element  data  if  ECHECK  <  999. 

B  1  will  print  only  those  explosive  elements  which  have  been  fully 
detonated  if  ECHECK  <  999. 

B  2  will  not  print  any  explosive  element  data, 
s  0  will  not  restrict  3D  output. 

B  1  will  restrict  printing  of  3D  node  data  to  nodes  with  Y  s  0  and  to 
element  data  to  elements  with  one  face  on  the  Y  =  0  plane.  ECHECK 
and  NCHECK  limitations  also  apply. 

B  Interval  of  cycles  at  which  cycle  data  will  be  printed.  IfNDATAB2, 
cycle  data  will  be  printed  for  every  other  qrcle  (2, 4, 6,  etc.).  If  left  blank, 
cycle  data  will  be  printed  for  every  cyde. 

s  0  will  not  print  current  sliding  interfoce  data. 

B  1  will  print  current  data  (master  and  slave  nodes)  for  eroding  sliding 
interfaces  only. 

s  2  will  print  current  data  for  all  sliding  interfaces  in  problem. 

B  0  will  print  requested  data  for  both  the  projectile  and  the  target 

B  1  will  print  requested  data  for  the  projectile  only. 

B  2  will  print  requested  data  for  the  target  only. 
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0  wiU  not  write  PATRAN  data. 


1  will  write  PATRAN  neutral  model  data  to  file  *EiI^.MDL.” 

-1  is  similar  to  PAT  s  1,  except  that  for  3D  geometry,  only  data  on  the 
plane  of  symmetiy  (Y  *  0.0)  are  written.  This  greatly  reduces  the  size  of 
3D  files. 

2  will  write  PATRAN  model  file  and  nodal  results  to  file  *EiI^  J^OD.” 

-2  is  wimilwr  to  PAT  «  2  88  described  previously. 

3  will  write  PATRAN  model  file  and  element  results  to  file  *EiI^.ELE.” 
-3  is  similar  to  PAT  »  3  as  described  previously. 

4  will  write  all  three  files. 

-4  is  similar  to  PAT  =  4  as  described  previously. 

5  will  write  generate  and  write  a  PATRAN  neutral  file  model  data  for  3D 
problems,  which  inclu^  surface  elements  only.  This  greatly  reduces 
the  size  of  the  PATRAN  file.  Data  written  to  file  *EiI^’.MDL.” 

Where  i  s  PATRAN  case  identifier  (PCASE)  on  Prep  Miscellaneous  Card, 
and  j  a  index  count  for  each  set  (PATRAN  and/or  restart)  of  ou^ut  files 
requested. 

llie  model  file  contains  the  geometry  information  (nodal  coordinates, 
element  ID,  etc.)  to  describe  the  model.  Additional  PATRAN  Name  cards 
are  included  for  convenience  and  are  described  below.  These  mi^  be 
accessed  in  PATRAN  with  the  NAME  command. 


PROJN 

a  list  of  all  prqjectile  nodes. 

PROJE 

a  list  of  all  prqjectile  elements. 

TARGN 

a  list  of  all  target  nodes. 

TARGE  s  list  of  all  target  elements. 

MSn  >  list  of  master  nodes  on  sliding  interface  i  (i «  1, 

NSUD). 

SLVi  s  list  ofslave  nodes  on  sliding  interface  i(i  si, 

NSLID). 


Hie  nodal  results  file  contains  results  infonnation  and  may  be  used  to 
plot  contours  on  the  nodal  properties  listed  below.  Contours  may  be 
generated  with  the  PATRAN  command  RUN,  CONTOUR,  COL,  i. 


RZONE 


Property 


PATRAN  Column  No. 


Xm  Velocity  1 

Y/e  Velocity  2 

Z  Velocity  3 

Net  Velocity  4 


The  element  results  file  contains  results  infimnation  and  may  be  used  to 
plot  oontours  <m  the  following  element  properties.  Contours  may  be 
generated  as  above. 


Property 


PATRAN  Column  No. 


Pressure  1 

Von  Mises  Stress  2 

Equivalent  Strain  3 

Damage/Bum  Fraction  4 

Temperatiue  5 

Log  (10)  Strain  Rate  6 


s  0  will  not  perfinrm  an  automatic  resone. 


«  1  will  perform  automatic  resone  of  the  regicms  specified  previously. 


3.  INPUT  DATA  FOR  THE  POSTPROCESSOR 


The  function  of  the  Postprocessor  is  to  provide  plots  of  the  results  in  the  form  of  state 
ld<rts  and  time  plots.  The  state  plots  show  results  for  the  entire  system  at  a  specified  time, 
and  the  time  plots  show  results  for  a  specified  variable  as  a  function  of  time. 
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It  is  also  possible  to  generate  dynamic  state  plots  and  dynamic  time>history  plots  during 
the  Main  Routine  computations.  Hus  is  initiated  by  setting  DPLOT  =  1, 2,  or  3  in  the  Plot 
Card  finr  TPLOT  s  1,  in  the  Main  Routine.  This  option  was  primarily  developed  fior  Silicon 
Graphics  Computers,  but  it  may  also  be  iised  fiar  some  other  computers  and  graidiics 
padmges. 


a.  State  Plots 


Input  data  for  state  plots  are  siunmarized  in  Figure  7.  Included  is  the  capability  to 
plot  geometries,  velocity  vectors  and  contours  of  several  variables.  Plots  can  be  requested 
in  the  order  of  increasing  time  and  cycle  numbers  and  by  either  time  or  cyde  number.  By 
using  the  time  option,  it  is  possible  to  request  plots  without  having  access  to  the  output 
firom  the  Main  Routine.  The  times  at  which  data  are  requested  must  simply  coincide  with 
those  specified  on  the  Data  Outyut  Cards  of  the  Main  Routine.  (Neither  the  time  nor  the 
cycle  are  required  for  dynamic  plots,  or  plots  generated  after  a  PATRAN  file  has  been  read 
instead  of  a  restart  file.)  End  state  plot  data  with  a  blank  card. 

State  Plots  Header  Card  (SIS,  S5X,  A30)  —  This  card  is  required  to  define  the  case 
niunber,  the  graphics  device,  the  color  option,  and  the  title  on  the  plots.  This  card  was  not 
required  for  the  1991  version  of  EPIC,  and  must  be  added  to  1991  input  files  if  they  are  to 
be  run  on  later  versions  of  EPIC. 


CASE 

DVICE 


COLOR 


TITLE 


=  The  same  case  number  used  in  the  Preprocessor  and  Main  Routine  runs. 
This  is  required  to  ensure  user  is  postprocessing  firom  correct  restart  file. 

=  Device  number  to  identity  the  device  on  which  the  plots  will  be 
generated.  Required  only  for  DISSPLA  graphics.  Figure  30  shows 
various  graphics  devices  which  are  available. 

=  0  will  not  request  input  data  for  color  graphics. 

=  1  will  request  input  data  for  color  graphics.  Figure  31  shows  that  colors 
are  ciurently  available  for  DISSPLA,  RSCORS,  PLOTIO  (TK41XX  and 
TK42XX)  and  IRIS  GL  plot  packages.  (Holors  are  available  only  for 
Geometry  plots,  and  Contour  plots  for  2D  and  3D  sections.  Color 
contours  are  not  yet  available  for  3D  perspective  plots. 

=  Title  printed  on  plot.  This  same  title  will  appear  in  subsequent  plots 
when  the  TITLE  input  on  the  subsequent  plots  is  left  blank. 


» 


i 


i 


» 


a 


a 


a 
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PATRAN  File  Bead  Card  (215, 40X,  ASO)  —  This  card  aUows  the  user  to  read  data  from 
a  PATRAN  file  instead  of  the  standard  restart  file.  This  allows  the  user  to  perfonn  the 
computations  and  the  postprocessing  on  different  computers.  When  this  option  is  used,  it 
should  be  read  immediately  after  the  State  Plots  Header  Card.  Because  the  PATRAN  files 
cftwtiiin  data  for  only  a  single  time  (or  cyde),  only  data  firom  that  time  (or  pyde)  can  be 
plotted  for  a  given  State  Plots  run.  Subsequent  cards  should  leave  CYCLE  and  TIME 
inputs  Mank  (CYCLE  =  TIME  =  0),  because  these  are  not  induded  in  the  PATRAN  files. 
Only  data  induded  in  the  PATRAN  files  can  be  plotted  with  the  EPIC  State  Plots 
Postprocessor. 

TYPE  s  101  reads  a  PATRAN  Model  file. 

s:  102  reads  a  PATRAN  Model  file  and  a  Nodal  Results  file. 

=  103  reads  a  PATRAN  Model  file  and  an  Element  Results  file. 

=  104  reads  all  three  files  (Model,  Nodal  Results,  and  Element  Results). 

GEOM  =  The  geometry  number  as  specified  on  the  Prep  Miscellaneous  Card. 

Miist  be  in  range  of  GEOM  =  1  to  8. 

TITLE  s  Title  printed  on  the  plot.  If  left  blank,  the  TITLE  input  on  the  State 

Plots  Header  Card  will  be  used. 

Geometry  Plot  Card  for  2D  and  3D  (215,  PlO.0, 812, 14X,  ASO)  — 

1  =  Code  to  specify  geometry  plot. 

CYCLE  =  Cycle  number  of  the  plot  which  is  desired.  The  cycle  numbers  of  the  data 

written  on  the  restart  file  are  given  in  the  printed  output  of  the 
Preprocessor  and  the  Main  Routine.  If  (7YCLE  =  0,  the  plots  are 
requested  on  the  basis  of  time.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  fiiom  PATRAN  file.) 

TIME  =  Time  of  the  plot  which  is  desired  (second).  Plots  can  be  requested  by 

either  TIME  or  CYCLE.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  fix>m  PATRAN  file.) 
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•  • 


•  • 


AXES 


VIEW 


ORIENT 


SIDE 


s  0  will  use  the  axes  (X^  Y,  Z)  finm  the  previous  plot.  This  option  allows 
deformed  geometry  to  be  plotted  together  with  contours  or  velocity 
vectors,  for  instance. 

s  1  will  automatically  compute  the  (X/R,  Y,  Z)  axes  to  include  all  nodes. 

The  vertical  is  specified  to  be  10  units,  and  the  horizontal  axis  is  as 

required,  using  the  same  scale  as  the  vertical  axis. 

s  2  will  read  the  coordinate  limits  of  the  plot. 

s  0  for  ID  or  2D  geometry  (GEOM  »  1-7). 

( 

s  1  provides  2D  plot  of  X-Z  axes.  For  3D  geometry  only  (GEOM  =  8). 

s  2  provides  2D  plot  of  Y-2  axes.  For  3D  geometry  only. 

s  3  provides  2D  plot  of  X-Y  axes.  For  3D  geometry  only.  ' 

s  4  provides  3D  perspective  plot  For  3D  geometry  only. 

=  5  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  X-Z  ^ 

plane.  For  3D  geometry  only.  (Not  available  for  brick  elements.) 

s  6  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  Y-Z 
plane.  For  3D  geometry  only.  (Not  available  for  brick  elements.) 

s  7  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  X— Y 
plane.  For  3D  geometry  only.  (Not  available  for  brick  elements.) 

=  8  provides  a  2D  cutting  plot  using  an  arbitrarily  positioned  cutting  plane.  ^ 

For  3D  geometry  only.  (Not  available  for  brick  elements.) 

s  0  will  specify  the  Z  axis  as  the  vertical  axis  and  the  R  axis  as  the 
horizontal  axis.  For  ID  or  2D  geometry  only  (GEOM  =  1-7). 

s  1  will  specify  the  R  axis  as  the  vertical  axis  and  the  Z  axis  as  the 
horizontal  axis.  For  ID  or  2D  geometry  only  (GEOM  =  1-7). 

=  0  will  plot  the  grid  on  the  actual  coordinates.  I 


•  • 
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1  will  plot  tbe  grid  on  the  xMgated  R  ooordinatM  only.  For  2D  gBometiy 
onl9r(G£OM-4,6.6.7). 


m  2  will  plot  the  grid  on  both  the  actual  and  negated  R  coordinates.  For  2D 
geometiy  only. 

■  3  will  not  plot  the  grid. 

■  10, 11, 12  ia  similar  to  SIDE  «  0, 1, 2  except  only  the  prqjectile  is  plotted. 
When  the  EDQE  option  is  used,  only  the  prqjectile  is  outlined. 

s  20, 21, 22  is  similar  to  SIDE  0, 1, 2  except  only  the  target  is  plotted. 
When  the  EDCSS  option  is  used,  only  the  target  is  outlined. 

EDGE  s  0  {dots  no  outline  around  the  edges. 

s  1  {dots  an  outline  on  the  negated  R  coordinate  only.  For  2D  geometry 
only  (GEOM  >4,5,6, 7). 

>  2  plots  an  outline  on  both  the  actual  and  negated  R  coordinates.  For  2D 
geometty  <mly. 

«  3  plots  an  outline  on  the  actual  coordinates  only. 

>  -1  is  same  as  EDGE  >  1  except  outlines  are  also  included  between 
different  materials. 

>  -2  is  same  as  EDGE  s  2  except  outlines  are  also  included  between 
different  materials. 

>  -3  is  same  as  EDGE  >  3  except  outlines  are  also  included  between 
different  materials. 

FAIL  s  0  will  not  {dot  element  information. 

>  1  will  plot  star  in  center  of  firactured  (D  >  1.0)  element 


I 


» 


» 


» 


I 


s 
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NODE 


PRINT 


s  2  wiU  plot  element  number  in  the  center  of  the  element.  Theelement 
number  type  size  is  identical  to  that  of  the  title  Une. 

m  3  will  plot  both  options  (star  and  element  number). 

m  4  will  jdot  a  triangle  in  the  center  of  all  SD  shell  elements  and  a  circle  in 
the  center  of  all  3D  bar  elements. 

m  5  will  plot  triani^  at  the  three  nodes  of  all  3D  shell  elements  and  circles 
at  the  two  nodes  (rf*  all  3D  bar  elements. 

s  6  will  plot  master  surface  numbers  on  3D  perspective  plot 

s  0  will  not  plot  individiial  node  points. 

«  1  will  plot  node  points  on  negated  R  coordinates  only.  For  2D  geometry 
only(GEOM  =  4, 5, 6, 7). 

=  2  will  plot  node  points  on  both  the  actual  and  negated  R  coordinates.  For 
2D  geometry  only. 

-  3  will  plot  node  points  on  actual  coordinates  only. 

s  >1  is  same  as  NODE  si  except  prqjectile  nodes  are  drawn  as  a  plus  sign 
and  target  nodes  are  drawn  as  a  diamond. 

s  -2  is  same  as  NODE  »  2  except  nodes  are  drawn  as  symbols  instead  of 
points. 

s  -3  is  same  as  NODE  =  3  except  nodes  are  drawn  as  symbols  instead  of 
points. 

s  0  will  not  print  node  numbers. 

s  1  will  print  node  numbers  on  the  plot.  Node  numbers  are  only  printed 
where  nodes  are  plotted  by  the  previous  NODE  option.  To  print  node 
numbers  on  a  grid  with  SIDE  *  0,  it  is  necessary  to  set  NODE  s  3.  The 
node  numbers  are  the  same  size  type  as  the  title  line,  and  the  node 
position  is  the  lower  left  comer  of  the  first  digit  in  the  node  number. 
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TITLE  -  Title  printed  on  the  plot  If  left  blank,  the  TITLE  input  on  the  State 

Plots  Header  Card  will  be  used. 

Plot  Linite  Cards  for  Azee  >2  (SFIOASU)  —  This  card  specifies  the  portion  of  the 
pfffbhtfF*  whirii  is  plotted.  Resions  beymd  those  specified  are  not  plotted,  ^le  vertical  axis 
is  ■«— to  10  nniim  wnJ  the  horizontal  axes  is  as  required.  The  scale  fisctor  used  will  be  a 
multiple  of  1, 2, 3, 5,  or  8  per  axis  unit 

X/RBCAX  >  Maximum  coordinate  included  in  the  plot  (distance).  When  VIEW- 

6,  X/RMAX  is  the  poeitkm  of  the  cutting  plane. 

YMAX  -  MwTitmiin  Y  coordinate  included  in  the  plot  When  VIEW  -  5,  YMAX  is 

the  position  of  the  cutting  plane. 

7MAY  s  Maximum  Z  coordinate  included  in  the  plot  When  VIEW-?,  ZMAXis 

the  position  of  the  cutting  plane. 

X/RMIN  -  Minimum  X  coordinate  induded  in  the  plot. 

YMIN  -  Minimum  Y  coordinate  induded  in  the  plot 

2MIN  -  Minimum  Z  coordinate  induded  in  the  plot 

El-EN  -  Range  of  elements  to  be  plotted.  If  El  -  EN  -  0,  all  elements  will  be 

induded. 

Note:  If  El  and/or  EN  exceed  the  16  format  (^100,000),  set  El  =  -1  and 
then  read  El  and  EN  on  the  following  card  in  2110  format 

M  -  Specific  material  number  ofelements  to  be  plotted.  IfM-O,  all 

materials  will  be  plotted. 

Note:  When  both  El-E3*l  and  M  restrictions  are  used  then  an  element 
must  pass  both  tests  to  be  plotted. 

SD  Perspective  Card  for  VIEW  -  4  or  8  (6F10.0, 15)  ~  This  card  is  induded  only  far  the 
SD  perspective  plots  (VIEW  -  4)  and  the  arbitrary  oriented  cutting  plate  plot 
(VIEW -8). 
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XEYE,  YEYE  >  Coordinates  oi  the  observer  (distance). 
ZEYE 


XPLANE 

YPLANE 

ZPLANE 


m  Coordinates  included  in  the  plate  on  which  the  results  are  {dotted  tar 
VIEW  at  4.  The  plane  is  normal  to  a  line  from  XEYE,  YESYE,  ZEYE  to 
XPLANE,  YPLANE,  ZPLANE.  For  VIEW  s  8,  this  plane  is  the  cutting 


HIDB  K  0  will  {dot  all  free  surfaces  (no  hidden  lines)  fior  VIEW  s  4. 

s  1  will  pk^  only  lines  which  have  both  ends  visible  to  the  observer  for 
VIEW  s  4.  This  option  can  require  significant  CPU  time  for  large 
problems. 


s  2  will  produce  two  plots,  one  each  with  HIDE  s  0  and  HIDE  s  1. 


Geom^ry  Color  Card  for  COLOR  ■  1  (415)  — 


PUNE 

TUNE 

NMAT 


SIDEM 


s  The  odor  number  for  all  grid  and  outline  lines  in  the  Prqjectale.  The 
colors  associated  with  the  color  numbers  are  shown  in  Figure  31. 

a  The  color  number  for  aU  grid  and  outline  lines  in  the  Target 

a  The  number  ofmaterials  for  whidi  a  color  fill  in  the  element  will  be 
designated.  Leave  blank  (NMAT  «  0)  if  no  material  cdor  fills  are 
requested. 

a  0  will  plot  the  material  colmr-filled  elements  on  the  actual  coordinates. 

a  1  will  plot  the  material  color-filled  dements  on  the  negated  R  coordinates 
only.  For  2D  geometry  only  (GEOM  a  4, 5,  6,  7). 

a  2  will  plot  the  material  color-filled  dements  on  both  the  actual  and 
negated  R  coordinates.  For  2D  gemnetry  only. 


Material  Desfgnatioa  Card  liu’  NMAT  >  0  (1615)  — 

M1...MN  a  NMAT  material  numbers  for  which  cdor  numbers  (colors)  will  be 
assigned. 


T142e0b 


163 


Colcnr  De>igiiati<m  Card  for  NMAT  >  0(16IB)  — 


C1...CN  s  NMAT  color  numbers  assigned  to  matnial  numbers  Ml..  JdN.  The  colors 

associated  with  the  color  numbers  are  shown  in  Figure  31. 

Batrapdiated  Geometry  Plot  Card  for  2D  and  3D  (SIB,  Fl(hO»  812, 4Xt  FlOeOi  ASO) — 

This  option  allows  the  user  to  obtain  extrapolated  geometry  plots  at  times  much  greater 

than  were  computed.  Similar  options  as  for  Gemnetiy  Plot  (?ard  (TYPE  s  1).  (Not 

smdicahle  or  available  for  Dynamic  Plots.)  ■ 

2  s  Code  to  specify  Extrapolated  Geometry  Plot. 

(7YCLE  s  Cycle  number  of  the  plot  which  is  desired.  The  cycle  numbers  of  the  data 

written  on  the  restart  file  are  given  in  the  printed  output  of  the 
Preprocessor  and  the  Main  Routine.  If  CTYCLE  «  0,  the  plots  are 
requested  on  the  basis  of  time.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  firom  PATRAN  file.) 

TIME  s  Time  of  the  plot  which  is  desred  (second).  Plots  can  be  requested  by 

either  TIME  or  CYCLE.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  fitun  PATRAN  file.) 

AXES  s  0  will  use  the  axes  (X/R,  Y,  Z)  from  the  previous  plot  This  option  allows 

deformed  geometry  to  be  plotted  together  with  contours  or  velocity 
vectors,  for  instance. 

s  1  will  automatically  compute  the  (X/R,  Y,  Z)  axes  to  include  all  nodes. 

The  vertical  axis  is  specified  to  be  10  units,  and  the  horizontal  axis  is  as 
reqmred,  using  the  same  scale  as  the  vertical  axis. 

=  2  will  read  the  coordinate  limits  of  the  plot. 

VIEW  s  0  for  ID  or  2D  geometry  (GEOM  *  1-7). 

s  1  provides  2D  plot  of  X-Z  axes.  For  3D  geometry  only  (GEOM  s  8). 

s  2  provides  2D  plot  of  Y-Z  aims.  For  3D  geometry  only. 

=  3  provides  2D  plot  of  X-Y  axes.  For  3D  geometry  only. 
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ORIENT 


SIDE 


EDGE 


«  4  provides  3D  perspective  plot  For  3D  geometiy  only. 

•  5  inrovides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  X-Z 
jdane.  For  3D  geometry  coily.  (Not  available  finr  brick  elements.) 

*  6  inovides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  Y-Z 
plane.  For  3D  geometry  (mly.  (Not  available  &r  brick  elements.) 

«  7  provides  2D  cutting  plane  pbt  with  cutting  plane  parallel  to  the  X-Y 
idane.  For  3D  geometry  only.  (Not  available  for  bride  elements.) 

as  8  provides  a  2D  cutting  plot  using  an  arbitrarily  positioned  cutting  jdane. 
For  3D  geometry  only.  (Not  available  for  brick  elements.) 

a  0  will  specify  the  Z  axis  as  the  vertical  axis  and  the  R  axis  as  the 
horixontal  axis.  For  ID  or  2D  geometry  cmly  (GEOM  &  1-7). 

ss  1  will  spedfy  the  R  axis  as  the  vertical  axis  and  the  Z  axis  as  the  ‘ 
horizontal  axis.  For  ID  or  2D  geometry  only  (GEOM  s  1-7). 

=  0  will  plot  the  grid  on  the  actual  coordinates. 

a  1  will  {dot  the  grid  on  the  negated  R  coordinates  only.  For  2D  geometiy 
only  (GEOM  a  4. 5,6,7). 


a  2  will  plot  the  grid  on  both  the  actual  and  negated  R  coordinates.  For  2D 
geometry  only. 

a  3  will  not  plot  the  grid. 

a  10, 11, 12  is  similar  to  SIDE  a  0, 1, 2  except  only  the  prqjectile  is  plotted. 
When  the  EDGE  option  is  used,  only  the  projectile  is  outlined. 

a  20, 21, 22  is  similar  to  SIDE  0, 1, 2  except  only  the  target  is  plotted. 
When  the  EDGE  option  is  used,  only  the  target  is  outlined. 

a  0  plots  no  outline  around  the  edges. 
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1  plot*  an  outline  on  the  negated  R  coordinate  OD^.  For  2D  geometiy 
only  ((SOM -4, 5. 6.7). 


2  ploti  an  outline  on  both  the  actual  and  negated  R  oootdinates.  For2D 
geouietiy  only. 

8  plots  an  outline  an.  the  actual  coordinates  only. 

-1  is  same  as  EDGE  « 1  except  outlines  are  also  included  between 
different  materials. 

-2  is  same  as  ED(S  «  2  except  outlines  are  also  included  between 
difibrent  materials. 

-3  is  same  as  EDGE  «  3  except  outlines  are  also  included  between 
different  materials. 

0  will  not  {dot  element  infermatum. 

1  will  plot  star  in  center  of  fractured  (D  s  1.0)  element 

2  will  idot  element  number  in  the  center  of  the  element  Theelement 
number  type  siae  is  identical  to  that  of  the  title  line. 

3  will  plot  both  options  (star  and  element  number). 

4  will  plot  a  triangle  in  the  center  <d'  all  3D  shell  elements  and  a  circle  in 
the  center  of  all  3D  bar  elements. 

5  will  plot  trianfl^  at  the  three  nodes  of  all  3D  shell  elements  and  circles 
at  the  two  nodes  of  all  3D  bar  elements. 

6  will  plot  master  surface  numbers  on  3D  perspective  plot. 

0  will  not  plot  individual  node  points. 

1  will  plot  node  points  cm  negated  R  coordinates  only.  For  2D  geometry 
only  (GEOM  «  4. 5, 6, 7). 


s  2  will  plot  node  points  on  both  the  actual  and  negated  R  coordinates.  For 
2D  geometry  only. 

s  3  will  plot  node  points  on  actual  coordinates  only. 

s  -1  is  same  as  NODE  -1  except  projectile  nodes  are  drawn  as  a  plus  sign 
and  target  nodes  are  drawn  as  a  diamond. 

s  -2  is  same  as  NODE  »  2  except  nodes  are  drawn  as  symbols  inatAwH  of 
points. 


s  -3  is  same  as  NODE  =  3  except  nodes  are  drawn  as  symbols  inatewd  of 
points. 

PRINT  a  0  will  not  print  node  numbers. 


a  1  will  print  node  numbers  on  the  plot.  Node  numbers  are  only  printed 
where  nodes  are  plotted  by  the  previous  NODE  option.  To  print  node 
numbers  on  a  grid  with  SIDE  a  0,  it  is  necessary  to  set  NODE  a  3.  The 
node  numbers  are  the  same  size  type  as  the  title  line,  and  the  node 
position  is  the  lower  left  comer  of  the  first  digit  in  the  node  number. 

T'EXTRAP  a  Extrapolated  time  for  which  the  geometry  is  desired  (second).  Nodal 
positions  are  based  on  straight  line  extrapolation  using  positions  and 
velocities  finom  the  specified  cycle  (or  time). 

TITLE  a  Title  printed  on  the  plot.  If  left  blank,  the  TITLE  input  on  the  State 

Plots  Header  Card  will  be  used. 

Plot  limits  Card  for  AXES  a  2  (6F10.0, 315)  — 


X/RMAX  a  Maximum  X/R  coordinate  included  in  the  plot  (distance).  When  VIEW  a 
6,  X/RMAX  is  the  position  of  the  cutting  plane. 

YMAX  a  Maximum  Y  coordinate  included  in  the  plot.  When  VIEW  a  5,  YMAX  is 

the  position  of  the  cutting  plane. 


ZMAX 


a  Maximum  Z  coordinate  included  in  the  plot  When  VIEW  a  7,  ZMAX  is 
the  position  of  the  cutting  plane. 


9 
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I 

X/RMIN  s  Minimum  X  coordinate  included  in  the  plot 

YMIN  s  Minimum  Y  coordinate  induded  in  the  plot 

ZMIN  s  Miniwiiim  z  Coordinate  included  in  the  plot 

El-EN  >  Range  ofelemente  to  be  plotted.  IfElsEN«0,  all  elements  will  be 

included. 

Note:  If  El  and/or  EN  exceed  the  15  fiurmat  (2100,000),  set  El  *  -1  and 
then  read  El  and  EN  on  the  following  card  in  2110  format 

M  s  Specific  material  number  of  elements  to  be  plotted.  IfMsO,  all 

materials  will  be  plotted. 

Note:  When  both  E1*EN  and  M  restrictions  are  used  then  an  element 
must  pass  both  tests  to  be  plotted. 

Velocity  Vector  Plot  Card  for  2D  and  3D  (215,  F10.0, 612, 8X,  F10.0,  ASO)  — 

3  s  Code  to  specify  velocity  vector  plot 

CYCLE  s  Cycle  number  of  the  plot  which  is  desired.  Ilie  cycle  numbers  of  the  data 

written  on  the  restart  file  are  given  in  the  printed  output  of  the 
Preprocessor  and  the  Main  Routine.  If  CYCLE  s  0,  the  plots  are 
requested  on  the  basis  of  time.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  finom  PATRAN  file.) 

TIME  s  'Hme  of  the  plot  which  is  desired  (second).  Plots  can  be  requested  by 

either  TIME  or  CYCLE.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  firom  PATRAN  file.) 

AXES  s  0  will  use  the  axes  (X/R,  Y,  Z)  firom  the  previous  plot.  This  option  allows 

deformed  geometry  to  be  plotted  together  with  contours  or  velocity 
vectors,  for  instance. 

s  1  will  automatically  compute  the  (X/R,  Y,  Z)  axes  to  include  all  nodes. 
The  vertical  axis  is  specified  to  be  10  units,  and  the  horizontal  axis  is  as 
required,  using  the  same  scale  as  the  vertical  axis. 
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VIEW 


ORIENT 


SIDE 


s  2  will  read  the  coordinate  limits  of  the  plot 

s  0  fhr  ID  or  2D  geometiy  (GEOM  « 1-7). 

B  1  provides  2D  plot  of  X-Z  axes.  For  3D  geometiy  only  (GEOM  b  8). 

B  2  provides  2D  plot  of  Y-Z  axes.  For  3D  geometiy  only. 

B  3  provides  2D  plot  of  X-Y  axes.  For  3D  geometry  only. 

B  4  provides  3D  perspective  plot.  For  3D  geometiy  only. 

=  5  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  X-Z 
plane.  For  3D  geometry  only. 

B  6  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  Y-Z 
plane.  For  3D  geometry  only. 

B  7  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  X-Y 
plane.  For  3D  geometry  only. 

B  8  provides  a  2D  cutting  plot  using  an  arbitrarily  positioned  cutting  plane. 
For  3D  geometry  only. 

s  0  will  specify  the  Z  axis  as  the  vertical  axis  and  the  R  axis  as  the 
horizontal  axis.  For  ID  or  2D  geometry  only  (GEOM  b  1-7). 

s  1  will  specify  the  R  axis  as  the  vertical  axis  and  the  Z  axis  as  the 
horizontal  axis.  For  ID  or  2D  geometry  only  (GEOM  b  1-7). 

B  0  will  plot  the  grid  on  the  actual  coordinates. 

s  1  will  {dot  the  grid  on  the  negated  R  coordinates  only.  For  2D  geometry 
only  (GEOM  B  4,  5.6,7). 

B  2  will  plot  the  grid  on  both  the  actual  and  negated  R  coordinates.  For  2D 
geometiy  only. 

B  3  will  not  plot  the  grid. 
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10, 11, 12  is  siinilar  to  SIDE  s  o,  1, 2  except  only  the  projectile  is  plotted. 


EDCffi 


ARROW 


VSCALE 


TITLE 


s  20, 21, 22  is  similar  to  SIDE  0, 1, 2  except  only  the  target  is  plotted. 

s  0  plots  no  outline  around  the  edges. 

«  1  idkds  an  outline  on  the  negated  R  coordinate  only.  For  2D  geometry 
only(GEOMa4,S,6,7). 

s  2  plots  an  outline  on  both  the  actiial  and  negated  R  coordinates.  For  2D 
gsometiy  only. 

B  10, 11, 12  is  similar  to  SIDE  s  0, 1, 2  except  only  the  prcgectile  is  plotted. 

=  20, 21, 22  is  similar  to  SIDE  s  0, 1, 2  except  only  the  target  is  plotted. 

-  3  plots  an  outline  on  the  actual  coordinates  only. 

=  -1  is  same  as  EDGE  s  1  except  outlines  are  also  included  between 
difllerent  materials. 

s  -2  is  same  as  EDGE  «  2  except  outlines  are  also  included  between 
difierent  materials. 

=  -3  is  same  as  EDGE  s  3  except  outlines  are  also  included  between 
different  materials. 

=  0  wiU  not  place  arrowheads  on  the  velocity  vectors. 

s  1  will  place  arrowheads  on  the  velocity  vectors. 

=  Velocity  which  will  give  a  velocity  vector  which  has  a  length  of  1.0  usizig 
the  scale  of  the  plot  (distance/second).  Ifleftblank,  VSCALE  will 
automatically  be  determined  to  give  the  longest  vector  a  length  of  two 
percent  of  the  length  of  the  vertical  axis. 

s  Title  printed  on  the  plot.  If  left  blank,  the  TITLE  input  on  the  State 
Plots  Header  Card  will  be  used. 
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Plot  Limits  Card  for  AXES  -  2  (6F10.0, 215)  — 

» 

( 

X/RMAX 

m  Maximum  X/R  coordinate  included  in  the  plot  (distance).  When  VIEW  = 

6,  X/RMAX  is  the  position  of  the  cutting  plane. 

YMAX 

s  Maximum  Y  coordinate  included  in  the  plot.  When  VIEW  =  5,  YMAX  is 
the  position  of  the  cutting  plane. 

1 

ZMAX 

s  Maximum  Z  coordinate  included  in  the  plot  When  VIEW  -  7,  ZMAX  is 
the  position  of  the  cutting  plane. 

X/RMIN 

=  Minim\im  X  coordinate  included  in  the  plot. 

1 

YMIN 

=  Minimum  Y  coordinate  included  in  the  plot. 

ZMIN 

=  Minimum  Z  coordinate  included  in  the  plot. 

Nl-NN 

=  Range  of  nodes  to  have  velocity  vectors  plotted.  If  N1  =  NN  =  0  all  nodes 
will  have  vectors  plotted. 

Note:  If  N1  and/or  NN  exceed  the  15  format  (^100,000),  set  N1  =  -1  and 
then  read  N1  and  NN  on  the  following  card  in  2110  format. 

1 

3D  Perspective  Card  for  VIEW  «>  4  (6F10.0, 215)  — 

XEYE.YEYE 

ZEYE 

=  Coordinates  of  the  observer  (distance). 

XPLANE 

YPLANE 

ZPLANE 

=  Coordinates  included  in  the  plate  on  which  the  results  are  plotted  for 

VIEW  =  4.  The  plane  is  normal  to  a  line  from  XETYE,  YEYE,  ZEYE  to 
XPLANE,  YPLANE,  ZPLANE.  For  VIEW  =  8,  this  plane  is  the  cutting 

Nl-NN 

=  Range  of  nodes  to  have  velocity  vectors  plotted.  If  N1  =  NN  =  0  all  nodes 
will  have  vectors  plotted. 

Note:  If  N1  and/or  NN  exceed  the  ^5  format  (^100,000),  set  N1  »  -1  and 
then  read  N1  and  NN  on  the  following  card  in  2110  format. 

» 
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» 

• 

• 

•  •  •  •  •  • 

• 

PATRAN  Output  Pile  Card  (215,  F10.0, 12, 28X,  A30)  —  This  card  reads  data  from  the 
EPIC  restart  file  and  translates  into  PATRAN  format.  See  expanded  discussion  for  Data 
Output  Card  in  Main  Routine.  (Not  applicable  or  available  for  Dynamic  Plots.) 


4 

CYCLE 

TIME 

PAT 


=  Code  to  specify  PATRAN  file  output. 

s  Cycle  number  ofthe  plot  which  is  desired.  The  cycle  numbers  of  the  data 
written  on  the  restart  file  are  given  in  the  printed  output  of  the 
Preprocessor  and  the  Main  Routine.  If  CYCLE  =  0,  the  plots  are 
requested  on  the  basis  of  time.  (Leave  blank  for  Djmamic  Plots  or  plots 
generated  fiom  PATRAN  file.) 

=  Time  of  the  plot  which  is  desired  (second).  Plots  can  be  requested  by 
either  TIME  or  CYCLE.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  firom  PATRAN  file.) 

=  1  will  write  PATRAN  neutral  file  model  data  to  file  “Eil^’.MDL." 

=  -1  is  similar  to  PAT  =  1,  except  that  for  3D  geometry,  only  data  on  the 
plane  of  symmetry  (Y  =  0.0)  are  written.  This  greatly  reduces  the  size  of 
3D  files. 

=  2  will  write  PATRAN  neutral  file  model  data  and  nodal  results  to  file 
•EiI^.NOD." 

=  -2  is  similar  to  PAT  s  2  as  described  previously. 

s  3  will  write  PATRAN  neutral  file  model  data  and  element  results  to  file 
•Eil^.ELE." 

s  -3  is  similar  to  PAT  s  3  as  described  previously. 

=  4  will  write  all  three  files. 

s  -4  is  similar  to  PAT  -A  as  described  previously. 

s  5  will  generate  and  write  a  PATRAN  neutral  file  model  data  for  3D 
problems,  which  includes  surface  elements  only.  This  greatly  reduces 
the  size  of  the  PATRAN  file.  Data  written  to  file  “EiI5.MDt.." 
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TITLE 


Title  printed  on  the  plot.  If  left  blank,  the  TITIE  input  on  the  State 
Plots  Header  Card  will  be  used. 


Contour  Plot  Card  for  2D  and  SD  (215,  F10.0, 812, 14X,  ASO)  —  This  card  requests 
contour  plots  of  element  variables.  Contoiurs  are  determined  by  first  computing  the 
variable  quantities  at  the  nodes  (i.e.,  the  nodal  pressure  is  the  average  of  the  pressiures  of 
all  elements  which  contain  the  node).  Then  the  contours  are  drawn  through  the  nodal 
quantities.  See  Geometry  and  Velocity  Vector  Plot  Cards  for  otliers. 


TYPE 

CYCLE 


TIME 


AXES 


VIEW 


s  Code  to  specify  which  variable  is  requested.  Must  be  in  the  range  of  11- 
21.  See  Figure  7  for  description  of  variables. 

=  Cycle  number  of  the  plot  which  is  desired.  The  cycle  numbers  of  the  data 
written  on  the  restart  file  are  given  in  the  printed  output  of  the 
Preprocessor  and  the  Main  Routine.  If  CYCLE  s  0,  the  plots  are 
requested  on  the  basis  of  time.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  firom  PATRAN  file.) 

s  Time  ofthe  plot  which  is  desired  (second).  Plots  can  be  requested  by 
either  TIME  or  CYCLE.  (Leave  blank  for  D3mamic  Plots  or  plots 
generated  firom  PATRAN  file.) 

B  0  will  use  the  axes  (X/R,  Y,  Z)  firom  the  previous  plot.  This  option  allows 
deformed  geometry  to  be  plotted  together  with  contoxirs  or  velocity 
vectors,  for  instance. 

=  1  will  automatically  compute  the  (X/R,  Y,  Z)  axes  to  include  all  nod^. 

The  vertical  axis  is  specified  to  be  10  units,  and  the  horizontal  axis  is  as 
required,  luing  the  same  scale  as  the  vertical  axis. 

s  2  will  read  the  coordinate  linuts  of  the  plot 

s  0  for  ID  or  2D  geometry  (GEOM  »  1-7). 

s  1  provides  2D  plot  of  X-^  axes.  For  3D  geometiy  only  (GEOM  s  8). 

=  2  provides  2D  plot  of  Y-Z  axes.  For  3D  geometry  only. 

s  3  provides  2D  plot  of  X-Y  axes.  For  3D  geometry  only. 


s 
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s  4  iKOvides  3D  perspective  plot.  For  3D  geometry  only. 


ORIENT 


SIDE 


EDGE 


c  5  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  X-Z 
plane.  For  3D  geometry  only. 

s  6  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  ¥-2 
plane.  For  3D  geometry  only. 

s  7  provides  2D  cutting  plane  plot  with  cutting  plane  parallel  to  the  X-Y 
plane.  For  3D  geometry  only. 

=  8  provides  a  2D  cutting  plot  using  an  arbitrarily  positioned  cutting  plane. 
For  3D  geometry  only. 

s  0  will  specify  the  Z  axis  as  the  vertical  axis  and  the  R  axis  as  the 
horizontal  axis.  For  ID  or  2D  geometry  only  (GEOM  =  1-7). 

=  1  will  specify  the  R  axis  as  the  vertical  axis  and  the  Z  axis  as  the 
horizontal  axis.  For  ID  or  2D  geometry  only  (GEOM  s  1-7). 

s  0  will  plot  contours  on  the  actual  coordinates. 

s  1  work  plot  contours  on  the  negated  R  coordinates  only.  For  2D  geometry 
only  (GEOM  »  4. 5. 6. 7). 

s  2  will  plot  contours  on  both  the  actual  and  negated  R  coordinates.  For 
2D  geometry  only  (GEOM  e  4, 5, 6, 7). 

=  0  plots  no  outline  around  the  edges. 

«  1  plots  an  outline  on  the  negated  R  coordinate  only.  For  2D  geometry 
only  (GEOM  s  4, 5, 6, 7). 

s  2  plots  an  outline  on  both  the  actual  and  negated  R  coordinates.  For  2D 
geometry  only. 

B  10, 11, 12  is  similar  to  SIDE  s  0, 1, 2  except  only  the  projectile  is  plotted. 

=  20, 21, 22  is  similar  to  SIDE  s  0, 1, 2  except  only  the  target  is  plotted. 


Tl42S0b 


174 


NUNE 


SYMBOL 


«  3  plots  an  outline  on  the  actual  cocnrdinates  only. 

s  ->1  is  same  as  EDGE  *  1  except  outlines  are  also  included  between 
different  materials. 

s  -2  is  same  as  EDGE  a  2  except  outlines  are  also  included  between 
different  materials. 

s  -.3  is  same  as  EDGE  a  3  except  outlines  are  also  included  between 
different  materials. 

a  Number  of  contours  to  be  plotted.  If  NUNE  a  0,  six  contours  will  be 
plotted  at  valiies  5. 20, 40, 60, 80,  and  95  percent  of  the  range  between 
the  minimum  and  maximuia  variable  quantity  limits. 

a  Increment  at  which  symbols  are  placed  on  contour  lines.  SYMBOL  a  1 
will  place  symbols  at  the  forward  end  of  each  contour  line  within  an 
element,  and  SYMBOL  a  5  will  place  symbols  at  the  forward  end  of  every 
fifth  element,  etc.  SYMBOL  a  0  will  place  only  one  symbol  on  the 
contour  line. 


PRINT  a  0  will  not  print  the  nodal  quantities  of  the  specified  variable  cm  the 

ou^ut  of  the  Postproc^sca*. 

a  1  will  print  the  nodal  quantities  of  the  specified  variable  cm  the  output  of 
the  Postprocessor. 


Plot  Limits  Card  for  AXES  •  2  (6F10.0f  315)  —  Hus  card  is  the  same  as  described  for  the 
geometry  plots. 

X/RMAX  a  Maximum  X^  coordinate  included  in  the  plot  (distance).  When  VIEW  = 
6,  X/RMAX  is  the  poeitfon  of  the  cutting  plane. 

YMAX  a  Maximum  Y  coordinate  included  in  the  plot  When  VIEW  a  5,  YMAX  is 

the  position  of  the  cutting  plane. 

ZMAX  a  Maximum  Z  coordinate  included  in  the  |dot  When  VIEW  a  7,  ZMAX  is 

the  position  of  the  cutting  idane. 
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Miwimmn  X  Coordinate  included  in  the  plot. 


YMIN  s  InCnimum  Y  coordinate  included  in  the  plot 

ZldlN  B  Minimum  Z  coordinate  included  in  the  plot. 

El-EN  B  Ranfe  of  elements  to  be  plotted.  ITEIbENbO,  all  elements  will  be 

induded. 

Note:  If  El  and/or  EN  exceed  the  15  fiurmat  (2100,000),  set  El  s  -i  and 
then  read  El  and  EN  on  the  fi)llowing  card  in  2110  fonnat 

M  B  Specific  material  number  of  elements  to  be  plotted.  IFMbO,  aU 

materials  will  be  plotted. 

Note:  When  both  El-EN  and  M  restrictions  are  used  then  an  element 
must  pass  both  tests  to  be  plotted. 

Contour  Specification  Cards  for  NUNE  >  0  (8F10.0)  —  Used  only  for  NUNE  >  0  on 
Contour  Plot  Card. 

CT1...CTN  B  Magnitude  of  contoturs  to  be  plotted. 

Contour  Color  Card  for  COLOR  b  l  (315)  — 

PLJNE  s  Hie  color  number  associated  with  grid  and  outline  lines  in  the  Projectile. 

TUNE  s  Ihe  color  number  associated  with  grid  and  outline  lines  in  the  Target. 

FILL  s  0  will  plot  contour  lines  at  the  value  specified. 

B  1  will  fill  the  elements  with  the  appropriate  colors.  The  color  fills  can  be 
thouihi  of  as  wide  contour  lines.  The  color  for  a  specified  line  will  extend 
half  way  to  the  adjacent  color  contour  lines. 

Color  Designation  Card  for  NUNE  >  0  (1615)  —  This  card  is  required  only  if  the 
contour  lines  are  specified  in  the  Contour  Specification  Card.  It  is  not  required  if  the 
contours  are  auUmiatically  scaled  (NUNE  *  0). 


6 


» 


i 


» 
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C1...CN 


Cdor  numbers  associated  with  amtoim  Cn...CTN.  The  colors 
associated  with  the  color  numbers  are  shown  in  Figure  31. 


Plot  Cards  for  ID  Only  (215,  F10.0, 12, 12X,I2, 14X,  A30)  —  For  one-dimensional 
geometry,  variables  are  plotted  as  a  function  of  the  Z  axis.  Hie  plot  axes  are  divided  into  10 
units  eadi.  Plot  types  must  be  in  the  range  of  11-22  as  shown  in  Figure  7. 


TYPE 

CYCLE 


TIME 


AXES 


PRINT 


s  Code  to  specify  which  variahte  is  requested.  Must  be  in  the  range  of  11- 
22.  See  Figure  7  for  description  of  variables. 

s  Cycle  number  of  the  plot  which  is  desired.  The  cycle  numbers  of  the  data 
written  on  the  restart  file  are  given  in  the  printed  output  of  the 
Preprocessor  and  the  Main  Routine.  If  CYCLE  s  0,  the  plots  are 
requested  on  the  basis  of  time.  (Leave  blank  for  Dynamic  Plots  or  plots 
generated  finm  PATRAN  file.) 

s  Time  of  the  plot  which  is  desired  (second).  Plots  can  be  requested  by 
either  TIME  or  CYCLE.  (Leave  blank  for  Dynamic  Plots  or  plots  . 
generated  firom  PATRAN  file.) 

=  0  will  use  the  axes  (X/R,  Y,  Z)  ficom  the  previous  plot.  This  option  allows 
deformed  geometry  to  be  plotted  together  with  contours  or  velocity 
vectors,  for  instance. 

«  1  will  automatically  compute  the  (X/R,  Y,  Z)  axes  to  include  all  nodes. 

Hie  vertical  axis  is  specified  to  be  10  units,  and  the  horizontal  axis  is  as 
required,  using  the  same  scale  as  the  vertical  axis 

»  2  will  read  the  coordinate  limits  of  the  plot 

s  0  will  not  print  node  numbers. 

■  1  will  print  node  numbers  on  the  plot  Node  numbers  are  tmly  printed 
vdiere  nodes  are  plotted  by  the  previous  NODE  coition.  Tb  print  node 
numbers  on  a  grid  with  SIDE  «  0,  it  is  necessary  to  set  NODE  »  3.  Hie 
node  numbers  are  the  same  size  type  as  the  title  Une,  and  the  node 
position  is  the  lower  left  crnner  of  the  first  digit  in  the  node  number. 
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TITLE  -  Title  printed  on  the  plot  Ifleft  blank,  the  TITLE  input  on  the  State 

Plots  Header  Card  will  be  used. 

Plot  Limits  Card  for  AXES  ■  2  (4F10.0)  — 

VhiAX  s  Maximum  value  of  the  dependent  variable  included  in  the  ID  plot 

VMIN  s  Minimum  valxie  of  the  dependent  variable  included  in  the  ID  plot 

ZMAX  s  Maximum  Z  coordinate  included  in  the  plot  (distance). 

ZMIN  s  Minimum  Z  coordinate  included  in  the  plot 

b.  Time  Plots 

Input  data  for  time  plots  are  summarized  in  Figure  8.  Ssrstem/Chunk  Plot  Cards 
should  be  input  first  followed  by  Individual  Node  and  Individual  Element  Plot  Cards.  The 
variables  are  plotted  as  a  fimction  of  time.  The  plot  axes  are  divided  into  10  units  each. 
Options  are  also  available  to  write  ASCII  files  firom  binary  files,  and  to  then  write  new 
binary  files  firom  ASCII  files.  End  with  a  blank  card. 

Time  Plots  Header  Card  (215,  lOX,  F10.0,  SOX,  A20)  —  This  card  is  required  to  define 
the  case  number,  the  graphics  device,  and  the  title  on  the  plots.  This  card  was  not  required 
for  the  1991  version  of  EPIC,  and  must  now  be  added  to  1991  input  files  if  they  are  to  be 
run  on  later  versions  of  EPIC. 

CASE  s  The  same  case  number  used  in  the  Preprocessor  and  Main  Routine  runs. 

This  is  required  to  ensure  user  is  postprocessing  firom  correct  time- 
history  file. 

DVICE  s  Device  number  to  identify  the  device  on  which  the  plots  will  be 

generated.  Required  only  finr  DISSPLA  graphics.  Figure  30  shows 
various  graffoics  devices  whidi  are  available  tar  various  plot  packages. 

T-FILTER  s  Time  increment  used  to  differentiate  the  velocities  to  obtain  accelerations 
for  the  chunk,  system  and  node  data.  If  left  blank  (T-FILTER  «  0),  then 
the  time  increment  will  be  equal  to  that  used  to  write  the  drunk  and 
system  vdodties  in  the  file.  For  individual  node  data,  with  T-FILTER  s 
0.  the  instantaneous  acceleration  (forceAnass)  is  plotted. 


TITLE  a  11116  printed  on  plot  This  same  title  will  appear  on  subsequent  plots 

when  the  UTLE  input  on  the  subsequent  plots  is  left  blank. 

System/Chunk  Plot  Cards— As  Required  (315,  F5.0, 4F10 A  A20)  —  These  cards 
request  plots  of  the  system  variables  or  chunk  variables.  Each  plot  contains  data  f<nr  the 
prqjectile,  the  target  the  total  system  (prqjectile  plus  target),  or  a  specified  chunk.  The 
system  data  indude  eroded  (totally  failed)  elements,  but  the  chunk  data  do  not  indude  the 
eroded  elements.  These  data  must  have  been  previously  written  on  the  plot  file  by  setting 
SYS  >  1  on  the  Hot  Card  in  the  Main  Routine. 


TYPE 

AXES 


CODE 


SCALE 

TMAX 


s  (k>de  describing  the  type  of  plot.  See  Figure  8  for  description  of  type. 
Must  be  in  range  of  1  to  30. 

s  0  will  automatically  select  coordinates  to  indude  maximum  and 
minimum  values  of  variable  for  total  duration  of  time. 

a  1  will  read  the  coordinate  limits  of  the  plot 

=  -1, -2, -3,  etc.,  will  overplot  using  the  axes  from  the  previous  plot.  If 
multiide  plots  are  induded  on  the  same  axes,  the  use  of  AXEIS  a  -i,  -2, 
-3,  etc.,  will  move  the  title  location  for  each  plot  This  will  eliminate 
overwriting. 

a  0  will  plot  system  data  for  the  projectile,  the  target  and  the  total  system, 
a  -1  will  plot  system  data  for  the  prcgectile  only, 
a  -2  will  plot  system  data  for  the  target  only, 
a  -3  will  plot  system  data  for  the  total  system  only. 

>  0  will  plot  data  for  chunk  number  CODE. 

a  Factor  by  vdiidi  the  dependent  variables  are  multiplied  before  plotting. 
Negative  values  are  allowed.  A  blank  default  gives  SCALE  a  l.o. 

a  Maximum  time  induded  on  horixontal  axis  if  AXES  a  1  (second). 


TMIN  a  Minimum  time  induded  on  horizontal  axis  if  AXES  a  l. 


VBCAX 

VMIN 

TITLE 


s  Maximum  variable  included  in  vertical  axis  if  AXES  s  1. 

s  Minimum  variable  included  on  vertical  axis  if  AXEIS  =  1. 

s  Title  written  on  the  plot.  Ifleft  blank,  the  TITLE  input  on  the  Time 
ITots  Header  Card  will  be  used. 


Individual  Node  Plot  Carde-Aa  Required  (315,  F5 A  4F10J),  A20)  —  These  cards 
request  plots  of  nodal  variables.  These  data  must  have  been  previously  written  on  the  plot 
file  by  specifying  the  requested  nodes  on  the  Designated  Nodes  (3ard  in  the  Main  Routine. 


TYPE 


AXES 


NODE 


TMAX 

SCALE 

TMIN 

VMAX 


s  0)de  describing  the  type  of  plot.  See  Figure  8  for  a  description  of  types. 
Must  be  in  the  range  of  40  to  53.  Note  that  acceleration  data  (TYPE  s 
47-49)  may  be  incorrect  for  sliding  surface  and  rigid  body  nodes. 

=  0  will  automatically  select  coordinates  to  include  maximum  and 
minimum  values  of  variable  for  total  duration  of  time. 

s  1  will  read  the  coordinate  limits  of  the  plot. 

s  -1, -2, -3,  etc.,  will  overplot,  iising  the  axes  from  the  previous  plot.  If 
multiple  plots  are  included  on  the  same  axes,  the  use  of  AXESS  a  -1,  -2, 
-3,  etc.,  will  move  the  title  location  for  each  plot.  This  will  eliminate 
overwriting. 

s  Specific  node  for  which  plot  data  are  requested. 

Note:  If  NODE  exceeds  15  format  (2100,000),  set  NODE  s  -1  and  then 
read  NODE  on  the  following  card  in  110  format. 

s  Maximum  time  included  on  horizontal  axis  if  AXES  s  1  (second). 

s  Factor  by  vdiidi  the  dependent  variables  are  multiplied  before  plotting. 
Negative  values  are  allowed.  A  blank  defisult  gives  SCALE  >  1.0. 

s  Minimum  time  included  on  horizontal  axis  if  AXES  s  l. 

m  Maximum  variable  included  in  vertical  axis  if  AXES  «  1. 


I 


VMIN 


Minimum  variable  included  on  vertical  axis  if  AXE!S  =  1. 


TITLE  a  Title  written  on  the  plot.  If  left  blank,  the  TITLE  input  on  the  Time 

Plots  Header  Card  will  be  used. 

Individual  Element  Plot  Cards-As  Required  (SIS,  F5.0, 4F10.0,  A20)  —  These  cards 
request  plots  of  element  variables.  These  data  must  have  been  previously  written  on  the 
plot  file  by  specifying  the  requested  elements  on  the  designated  Elements  Cards  in  the 
Main  Routine. 

TYPE  =  Code  describing  the  type  of  plot  See  Figure  8  for  a  description  of  types. 

Must  be  in  the  range  of 60-76. 

AXES  a  0  will  automatically  select  coordinates  to  include  n>»TiTniiTn  and 

minimum  values  of  variable  for  total  duration  of  time. 

a  1  will  read  the  coordinate  limits  of  the  plot. 

a  -1,  -2,  -3,  etc.,  will  overplot  using  the  axes  firom  the  previous  plot  If 
multiple  plots  are  included  on  the  same  axes,  the  use  of  AXES  a  —1,  —2, 
-3,  etc,  will  move  the  title  location  for  each  plot  This  will  eliminate 
overwriting. 

ELE  a  Specific  element  for  which  plot  data  are  requested. 

Note:  If  ELE  exceeds  the  15  format  (kl(X),0<X)),  set  ELE  a  -l  and  then 
read  ELE  on  the  following  card  in  110  format 

SCALE  a  Factor  by  which  the  dependent  variables  are  multiplied  before  plotting. 

Negative  values  are  allowed.  A  blank  default  gives  SCALE  a  1.0. 

IMAX  a  Maximum  time  included  on  b«ri»ont«l  if  AXESS  a  i  (second). 

TMIN  a  Minimum  time  included  on  horimntal  axis  if  AXES  a  1. 

VMAX  a  Maximum  variable  included  in  vertical  axis  if  AXES  a  1. 

VMIN  a  Minimum  variable  included  cm  vertical  aria  if  AXES  a  l. 


t 
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TITLE  SB  Title  written  on  the  plot.  If  left  blank,  the  TITLE  input  on  the  Time 

Plots  Header  Card  will  be  used. 

Individual  Element  Croee-Plot  Cards— As  Required  (IX,  212, 215,  F5.0, 4F10.0,  A20) 
This  card  allows  the  user  to  plot  one  element  variable  versus  another  element  variable 
instead  of  time.  An  example  would  be  Von  Mises  Stress  (TYPE  s  62)  versus  Equivalent 
Plastic  Strain  (TYPE  «  63).  ^plies  only  to  TYPE  s  60  to  76. 

TV  s  TYPE  to  be  shown  on  the  vertical  axis. 

TH  s  TYPE  to  be  shown  on  the  hmrixontal  axis. 

AXESS  s  0  will  automatically  select  coordinates  to  include  maximum  and 

minimum  values  of  variable  for  total  duration  of  time. 


ELE 

SCALE 

THMAX 
THMIN 
TV  MAX 
TV  MIN 
TITLE 


s  1  will  read  the  coordinate  limits  of  the  plot. 

s  -1, -2, -3,  etc.,  will  overplot,  using  the  axes  firom  the  previous  plot.  If 
multiple  plots  are  included  on  the  same  axes,  the  use  of  AXES  =  -1,  -2, 
-3,  etc.,  will  move  the  title  location  for  eadi  plot.  This  will  eliminate 
overwriting. 

s  Specific  element  for  which  plot  data  are  requested. 

s  Factor  by  which  the  vertical  axis  (TV)  variables  are  multiplied  before 
plotting.  It  is  not  possible  to  foctor  the  horizontal  axis  (TH)  variables. 

s  Maximum  variable  included  on  the  horizontal  axis  if  AXE!S  =  1. 

s  Minimiim  variable  included  on  the  horizontal  axis  if  AXES  =  1. 

>  Maximum  variable  induded  on  the  vertical  axis  if  AXES  s  1. 

m  Minimum  variable  induded  on  the  vertical  axis  if  AXES  « 1. 

«  Title  written  on  the  idot  If  left  blank,  the  TITLE  input  on  the  Time 
Plots  Header  Card  will  be  used. 


PATRAN  Pile  Generation  CSarda-Aa  Required  (15, 5X,  15, 45X,  A20)  —  This  card  will 
write  the  time-histoiy  data  onto  an  ASCII  file  which  later  can  be  read  and  plotted  with  the 
X-Y  Plotting  opticm  in  PATRAN.  Can  be  used  for  TYPE  =  1  to  76  as  shown  in  Figure  8, 

NTYPE  a  -TYPE  will  write  a  time-history  file  which  can  be  read  by  the  X-Y 

Rotting  option  in  PATRAN.  For  example,  NTYPE  *  -1  will  write  time 
history  data  for  TYPE  «  1  (Total  Energy  versus  Time). 

MISC  a  CODE  for  System/Chuck  data.  (Cannot  use  CODE  =  0  as  this  produces 

data  for  three  plots.) 

a  NODE  for  Individual  Node  data. 

a  EL£  for  Individual  Element  data. 

TITLE  a  Title  printed  on  plot.  This  same  title  will  appear  on  subsequent  plots 

when  the  TITLE  input  on  the  subsequent  plots  is  left  blank. 

File  Manipulation  Carda— Aa  Required  (15, 5X,  15)  —  This  card  allows  for  reading  and 
writing  ASCn/binary  files,  such  that  the  computations  and  postprocessing  can  be 
performed  on  different  computers.  It  also  allows  node  velocity  data  to  be  reformatted  to  be 
used  as  input  data  for  applied  nodal  velodtiM. 

TYPE  «  111  will  read  the  entire  binary  time-histoty  file,  and  then  write  an  ASCII 

time-history  file. 

s  222  will  read  an  ASCII  time-history  file  (generated  in  a  previous  run  by 
setting  TYPE  s  111),  and  then  write  a  binary  file. 

s  333  will  read  XYZ/RTZ  velocities  for  a  specified  node,  and  then  reformat 
the  data  such  that  it  can  be  used  as  input  data  for  applied  nodal 
velocities  in  a  Main  Restart  run.  For  each  node  request^,  input  data 
will  be  generated  for  Velocity  Cards  with  PUSH  ^1  and  Time- Velocity 
Cards  with  PUSH  2 1.  The  required  Blank  Cards  are  also  included. 

NODE  «  0  for  TYPE  sill  and  TYPE  >222. 

s  The  node  number  for  which  the  XYZ/RTZ  velocity  data  will  be 

reformatted  as  input  data  for  applied  nodal  velocities,  when  TYPE  s  333. 


Note:  If  NODE  exceeds  IS  fimnat  100,000),  set  node  >  -1  and  then 
read  NODE  in  the  fiaUowing  card  in  110  finrmat 

c.  PATRAN  Postprocessor 

This  subsection  is  included  to  note  that  PATRAN  can  be  used  for  postprocessing 
of  both  state  plots  and  time  plots.  This  capability  was  developed  using  PATRAN  2.5. 
PATRAN  files  for  state  plots  can  be  generated  directly  during  the  Main  Routine  run  by 
requesting  on  the  Data  Output  Cards.  They  can  also  be  generated  firom  the  ESPIC 
restart  files  by  requesting  them  in  the  EPIC  State  Plots  Postprocessor,  with  the  PATRAN 
Output  File  Card. 

PATRAN  files  for  time  plots  can  be  generated  firom  the  EPIC  time  file  by  requesting 
them  in  the  E!PIC  Time  Plots  Postprocessor,  with  the  PATRAN  File  Generation  Cards. 

d.  IRIS  Explorer  Postprocessor 

This  subsection  is  included  to  note  that  the  IRIS  Explorer  Postprocessor  can  be 
used  for  postprocessing  of  state  plots.  This  postprocessor  is  available  for  SGI  computers 
only.  It  is  an  interactive  postprocessor  that  reads  an  EPIC  restart  file  and  can  then 
postprocess  the  results. 

4.  INPUT  DATA  FOR  THE  REZONER 

There  are  two  primary  reasons  for  rezoning.  One  is  to  improve  accuracy  and  the  other 
is  to  decrease  computing  time  throu^  use  of  a  larger  integration  time  increment.  When 
triangular  elements  become  veiy  distorted  Qong  and  slender)  they  may  not  be  able  to 
properly  represent  gradients  along  the  lon^r  dimension  of  the  element,  and  this  can  lead 
to  artificial  stifibess.  Similarly,  during  high  distortion  the  minimum  altitude  of  the 
element  can  become  very  small  and  this  decreases  the  integration  time  increment,  which  is 
bounded  by  the  sound  speed  transit  time  across  the  element.  Rezoning  allows  the  user  to 
replace  distorted  elements  with  compact  elements;  decreasing  the  larger  dimension  gives 
greater  aocuracy>  and  increasing  the  shorter  dimension  gives  a  larger  integration  time 
increment 

There  are  two  separate  functions  performed  in  rezoning.  The  first  is  to  delete  the 
distorted  grid  and  to  replace  it  with  a  better  grid  (more  compact  elements).  Tbe  second 
function  is  to  transfer  the  physical  properties  (node  and  element  variables)  fi^nn  tbe  old 
grid  to  the  new  grid.  Ihis  seomd  function  is  performed  automatically  without  user 
intervention. 


T14SS06 


184 


TIm  primaxy  functions  performed  during  rexoning  are  as  follows: 


( 


*  The  EPIC  code  reads  the  restart  file  which  must  have  been  previously  generated  by  B 

the  Preprocessor  or  Main  Routine. 

*  The  element  variables  fixnn  the  restart  file  are  transferred  to  nodal  quantities.  For 
examide,  the  nodal  pressure  is  the  average  of  the  element  pressures  for  all  elements 

attached  to  a  spedfied  node.  * 

*  Portions  <^the  old  grid  (firom  the  restart  file)  are  deleted  and  the  new  grid  is 
generated.  Tlie  node  and  element  variables  firom  the  old  grid  are  saved  in  temporary 

arrays.  g 

*  Each  new  node  searches  throu^  the  old  grid  to  find  the  appropriate  old  element 
which  contains  the  position  of  the  new  node. 

*  The  velocities  and  accelerations  for  the  new  node  are  linearly  interpolated  firom  the  old  * 

nodal  velocities  and  accelerations  of  the  three  old  nodes  which  define  the  old  element 

which  contains  the  new  node. 

*  The  center  position  of  each  new  element  searches  through  the  old  grid  to  find  the  g 

appropriate  old  element  which  contaka  the  center  position  of  the  new  element. 

*  The  variables  for  the  new  element  are  linearly  interpolated  firom  the  old  nodal 
quantities  of  the  old  element  variables. 

» 

*  The  new  grid,  with  node  and  element  variables  interpolated  firom  the  old  grid,  is 
written  on  a  restart  file.  This  new  restart  file  is  then  available  to  be  read  by  the  EPIC 
code  for  further  computations. 

It  should  be  noted  that  there  is  no  absolute  conservation  of  mass,  momentum,  or  energy. 

If,  however,  the  outline  of  the  new  grid  closely  coincides  with  the  outline  of  the  old  grid, 
then  these  system  parameters  should  be  closely  matched  (within  a  few  percent). 

Significant  discrepancies  in  the  outlines  of  the  old  and  new  grids  can  lead  to  significant 
discrepancies  in  the  mass,  momentum,  and  energy.  The  user  should  compare  the  * 

summaries  of  the  system  data  output  for  the  grid  before  and  after  rezoning,  to  ascertain  the 
accuracy  of  rezoning. 
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The  input  data  neceseaiy  to  perform  the  rezoning  are  shown  in  Figures  9  throui^  11. 
Use  is  restricted  to  2D  geometry  only  (GEOM  s  4-7),  and  only  triangular  elements  can  be 
resoMd. 

Befive  continuing,  note  the  following  definitions; 

*  A  “deleted  node”  is  a  node  firam  the  original  grid  (befisre  rezoning)  which  has  been 
deleted.  There  are  some  instances  when  the  coordinates  of  a  deleted  node  are  used. 

*  An  “old  node”  is  a  node  firom  the  original  grid  (befixre  rezoning)  whidi  has  not  been 
deleted  and  remains  a  part  of  the  grid  after  rezoning  occurs. 

*  A  “new  node”  is  a  node  which  is  introduced  into  the  rezoned  grid. 

*  A  “previously  generated  new  node”  is  a  node  which  was  previously  generated  during 
the  current  rezoning  activity.  There  are  some  inatanr^i^  when  a  'hew  node”  may  make 
use  of  the  coordinates  of  a  “previously  generated  new  node,”  when  two  acfiaoent  shapes 
are  being  generated. 

Rezone  Description  Card  (215,  A70)  — 

4  s  Code  to  indicate  rezoning  run. 

CASE  s  Case  number  for  run.  Must  be  identical  to  previous  run  which  generated 

the  restart  file  to  be  rezoned  with  run. 

RE!ZONE  s  Description  of  problem  provided  by  the  user. 

DESCRIPTION 

Rezone  Miscellaneous  Card  (15, 5X,  F10.0, 515)  — 

CYCLE  s  Cycle  number  at  which  the  rezone  occurs.  The  cycle  numbers  for  whidi 

restart  files  are  written  are  given  in  the  printed  output  of  the  previous 
run.  If  CYCLE  «  0,  the  rezone  is  requested  on  the  basis  of  time. 

TIME  «  Time  (second)  at  which  the  rezone  is  requested  (for  CYCLE  s  0).  Rezones 

can  be  requested  by  CYCLE  or  TIME. 

NPROJ  s  0  will  allow  rezoning  of  projectile  only. 
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NGL 

NNDEL 

NLDEL 


a  1  will  allow  regoning  of  target  only. 

Note:  It  is  not  poMible  to  resone  nodes  andAnr  elements  in  both  the 
projectile  and  the  target  in  a  sinide  rexone  run.  Ifit  is  necessary  to  do 
this,  then  two  subsequent  rezone  runs  must  be  made. 

a  Number  of  groups  of  nodes  to  be  deleted.  If  NGN  a  0,  then  deleted  nodes 
are  read  individually. 

a  Number  of  groups  of  elements  to  be  deleted.  If  NGL  a  0,  then  deleted 
elements  are  read  individually. 

s  Number  of  nodes  to  be  deleted. 

a  Number  of  elements  to  be  deleted.  Only  elements  with  the  same 
material  number  can  be  deleted. 


PRINT  a  0  will  provide  minimal  printing. 

a  1  wiU  print  new  nodes  and  elements. 

a  2  will  provide  extensive  printing  for  program  checkout 

Individual  Deleted  Nodes  Card  for  NGN  a  0  (1615)  —  The  deleted  nodes  are  input 
individually  when  NGN  a  0. 

N1...NN  a  Nodes  to  be  deleted. 

Group  Deleted  N  les  Card  for  NGN  >  0  (315)  —  Use  one  card  for  each  group  of  no^ 
to  be  deleted. 

NIG  a  First  node  in  group. 

NNG  a  Last  node  in  group.  May  be  left  blank  if  group  has  only  one  node. 

INC  a  Increment  between  nodes.  May  be  left  blank  if  increment  is  1. 

Individual  Deleted  Elements  Card  for  NGL  a  0  (1615)  —  The  deleted  elements  are 
input  individually  wbma  NGL  *  0. 
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L1...LN 


Elements  to  be  deleted. 


Groi9  Deleted  Btemente  CSard  for  NGL  >  0  (SIS)  —  Use  one  card  for  eadi  group  of 
elements  to  be  deleted. 

LlG  s  First  element  in  group. 

LNG  «  Last  element  in  group.  May  be  left  blank  if  group  has  (mly  one  element. 

INC  B  Increment  between  elements.  May  be  left  blank  if  increment  is  1. 

Scalei/Sliilt/Rotate  Card  (F10.0,  lOX,  5F10.0, 2FS.0)  —  Applies  only  to  the  new  nodes. 

RSCALE  s  Redefined  scale  factor  by  whidi  the  R  coordinates  of  nodes  are 

multiplied.  Applied  after  the  coordinate  shifts  (RSHIFT,  ZSHIFT)  and 
before  the  rotations  (ROTATE/SLANT)  described  later. 

ZSCALE  s  Factor  by  which  the  Z  coordinates  are  multiplied. 

RSHIFT  s  Increment  added  to  the  R  comdinates  of  all  prcgectile  nodes  (length). 
Applied  before  the  scale  factors  (RSCALE,  ZSCALE). 

ZSHIFT  a  Increment  added  to  the  Z  coordinates  (length). 

ROTATE  a  Redefined  rotation  about  RO  and  ZO  in  the  R-Z  plane  of  nodes  (degrees). 

Applied  after  the  coordinate  shifts  (RSHIFT,  ZSHIFT)  and  the  scale 
factors  (RSCALE,  ZSCALE).  Clockwise  is  positive  for  2D,  and  for  3D 
when  looking  in  a  positive  Y  direction. 

SLANT  a  The  angle  (degrees)  used  to  redefine  the  R  coordinates  ofnodes,  with  the 

relationship 

Rm«  a  RoU (Z  -  ZO)  tan  (SLANT). 

This  takes  vertical  lines  of  nodes  and  aligns  them  at  an  angle,  SLANT, 
with  the  vertical.  Apidied  after  the  other  SCSAUB/SHIFT/ROTATE 
options. 

RO  a  R  reference  coordinate  for  the  ROTATE/SLANT  options. 
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20  B  Z  refemnoe  ooordiiiate  for  the  ROTATE/SLANT  (^ons. 

Nod0  Data  Cards  —  Tbese  cards  are  roquirBd  to  define  the  new  nodes  finr  the  rezoned 
grid.  Specific  instructions  fin*  the  node  input  data  are  provided  later.  End  node  data  with  a 
blank  card. 

Blesaent  Data  Cards — These  cards  are  required  to  define  the  new  elements  fiur  the 
reaooedgrid.  Specific  instructions  fin*  the  element  input  data  are  provided  later.  End 
element  data  with  a  blank  card. 

Bferga  Card  (FlOXl)  —  The  node  merging  function  provides  a  way  of  combining  ac|iaoent 
shapes  to  cover  a  complex  region.  Each  shape  can  be  generated  using  the  node  numbering 
required  by  the  node  generator.  Adjacent  shapes  may  require  different  node  niimbers  finr 
the  same  node  location.  This  requirement  can  be  met  by  generating  a  node  for  each  node 
number  needed.  After  the  node  and  element  generators  have  been  used,  then  the  multiple 
nodes  (at  a  single  location)  are  reduced  to  single  nodes  by  the  node  merging  function. 

TOLMRG  =  Greater  than  zero  to  merge  nodes  which  are  close  together.  All  nodes  in 
a  box  (TOLMRG  on  each  side)  are  combined  to  become  the  same  node. 
Ihe  node  number  entered  first  (in  the  node  input  cards)  will  be  used  finr 
the  combined  node.  Only  the  newly  entered  nodes  are  merged. 

TOLMRG  s  0  gives  no  node  merging. 

a.  Node  Geometry 


The  new  node  data  will  generally  be  input  with  the  three  new  grid  generators  shown 
in  Figure  27.  The  standard  grid  generators  used  in  the  Preprocessor  can  also  be  used  for 
rezoning,  but  the  three  new  generators  can  take  advantage  of  the  availability  of  the  dd 
grid.  The  new  generators  can  use  the  coordinates  of  deleted  nodes  for  the  position  of  a  new 
node.  The  generators  can  also  find  the  edge  of  the  deleted  grid  between  two  deleted  nodes 
and  use  this  line  fiar  the  side  of  a  new  shape.  When  this  edge  option  is  used,  only  the 
approximate  position  of  the  deleted  end  nodes  need  to  be  given.  With  these  fieatures  it  is 
possible  to  lay  out  a  new  grid  using  only  a  geometry  state  plot  A  description  of  the  new 
node  input  data  is  given  in  Figure  10. 

Four-Sided  Shape  Node  Card  (515, 25X,  F10.0)  —  The  four-sided  shape  is  shown  in 
Figure  27.  Six  cards  are  required  fiar  each  forir-sided  shape  generated.  Additional  cards  are 
needed  for  certain  options.  The  comer  nodes  are  defined  in  a  counterclockwise  direction 
with  the  first  comer  node  being  Nl.  The  sides  are  defined  in  a  counterclockwise  direction. 
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The  first  side  starts  at  the  first  comer  node  and  ends  at  the  second  comer  node.  The  fiourth 
side  starts  at  the  fourth  comer  node  and  ends  at  the  first  comer  node.  The  nodes  are 
numbered  in  layers.  The  first  layer  starts  at  the  first  comer  node  and  goes  across  to  the 
fourth  comer  node.  The  fidlowing  layers  go  into  the  interior  of  the  shape  with  the  last  layer 
going  firom  the  second  to  the  third  comer  nodes.  This  shape  can  be  made  continuous  with 
adjacent  sluQ)es  by  aligning  border  nodes  and  using  the  merge  option.  The  RELAX  option 
(described  later)  provides  a  method  of  more  evenly  spacing  the  interior  primary  nodes  oS 
this  shape.  The  node  placement  algorithm  gives  good  results  for  a  rectangular  shape  but 
questionable  placement  for  distorted  shapes,  especially  those  with  curved  sides.  When 
questionable  node  placement  occurs,  the  RELAX  (q;>tion  can  improve  the  placement.  The 
border  nodes  are  not  moved.  The  interior  primary  nodes  are  moved  to  be  at  the  average 
position  of  the  other  four  coimected  primary  nodes.  The  secondary  nodes  are  generated 
later. 


8 

N1 


NC 


a  Identification  number  for  four>sided  node  shape  geometry. 

s  Number  of  the  first  node  of  the  four-sided  shape.  This  should  be  selected 
so  the  generated  new  nodes  do  not  have  the  same  node  numbers  as 
remaining  old  nodes. 

s  Niunber  of  nodes  along  the  second  and  fourth  side.  Does  not  include  the 
secondary  (crossed  triangle)  nodes. 


NL 


a  Number  of  nodes  along  the  first  and  third  side.  Does  not  include  the 
secondary  (crossed  triangle)  nodes. 


IRFIX  a  Radial  restraint  option.  If  IRFIX  a  l,  all  nodes  on  the  axis  of  symmetry 

are  restrained  radially.  Leave  blank  for  no  restraint 


RELAX  a  A  dimensionless  relaxaticm  distance  for  rezoning,  defined  as  a  firaction  of 

a  characteristic  grid  distance.  The  characteristic  distaiux  is  the  square 
root  of  the  area  of  the  smallest  element  in  the  rezone  region,  before 
rezoning.  All  nodes  must  move  less  than  this  for  the  rezoning  iterations 
to  discontinue.  Recommend  using  RELAX  =  0.001  to  0.050. 


Comer  Node  Definition  Card»— 4  Required  (215, 2F10.0)  —  Four  cards  are  required, 
one  for  each  corner  node.  The  first  corner  node  is  Nl.  The  other  three  corner  nodes  are 
defined  in  counterclockwise  order. 


NOLD 


Hm  old/deleted  node  to  use  fiv  coordiiiatei.  Leave  Uankifthisoptiaa  is 
not  used. 


NGEN  B  Tlie  previously  generated  new  node  to  use  fiar  coordinates.  The 

dupUcation  of  node  definitions  can  be  removed  by  the  merge  step.  Leave 
blank  if  this  option  is  not  used. 

RCNR  B  R  coordinate  of  comer  node. 

ZCNR  B  Zooordinate  of  comer  node. 

Note:  The  R  and  Z  coordinates  are  ignored  when  either  the  NOLD  or 
NGEN  option  is  used. 

Side  Options  Card  (415)  —  There  are  five  options  (0, 1, 2, 3, 4)  for  each  of  the  four  sides 
(ISl,  IS2.  IS3.  IS4). 

B  0  Will  equally  space  the  side  nodes  on  a  straiid^t  line 
between  the  comer  no<tes. 

B  1  Will  equally  space  the  side  nodes  (m  the  edge  of  the  deleted 

region.  If  the  comer  nodes  are  not  already  defined  as  old/deleted 
nodes  on  the  edge,  then  the  comer  node  (whose  coordinates  were  input 
as  R(?NR  and  ZCNR)  is  moved  to  the  dosest  old/deleted  edge  node. 

B  2  Will  podturn  the  side  nodes  at  coordinates  given  on  the  fi>llowing  Side 
Node  Coordinate  Cards. 

B  3  Will  place  the  side  nodes  at  the  coordinates  ofthe  old/deleted  nodes 
given  on  the  following  Old  Side  Nodes  (Tards. 

B  4  Will  {dace  the  side  nodes  at  the  same  coordinates  as  tlm  laeviously 
generated  new  nodes  given  on  the  fidlowing  Generated  Sde  Nodes 
Cards. 

Note:  For  side  options  2, 3,  and  4,  an  additumal  card  (cnr  cards)  is 
required  to  define  side  coordinates  and/or  side  node  numbers.  The 
side  1  option  should  be  input  first  (if  needed),  fidlowed  by  sides  2, 3, 
and  4. 
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Node  Carde-^  Bequired  (8F10.0)  —  These  cards  must  be  input  in 

oounterdodEwise  order. 

R1..JRN  «  R  coordinates  of  the  border  nodes  on  the  side.  (Do  not  include  comer 

nodes.)  One  or  more  cards  as  necessaj^. 

Z1...2aN  B  Z  coordinates  of  the  border  nodes  on  the  side.  (Do  not  include  comer 

nodes.)  One  or  more  cards  as  necessary. 

Old  Nodes  Cards— lAs  Required  (1615)  —  These  cards  must  be  input  in  a 

counterclockwise  order. 

N01...N0N  s  Node  numbers  of  old/deleted  nodes  where  side  nodes  are  to  be  placed. 

(Do  not  include  comer  nodes.)  One  or  more  cards  as  necessary. 

Generated  Side  Nodes  Cards— As  Required  (1615)  —  These  cards  must  be  input  in 
counterclockwise  order. 

NG1...NGN  s  Node  numbers  of  previously  ^nerated  new  nodes  where  the  side  nodes 
are  to  be  placed.  (Do  not  include  comer  nodes.)  One  or  more  cards  as 
necessary. 

lluree^ided  Shape  Node  Cards  (315, 5K,  15, 25Z,  F10JO)  —  Tbe  three  sided  shape  is 
shown  in  Figure  27.  Five  cards  are  required  for  each  three  sided  shape  generated. 
Additional  cards  are  needed  for  certain  options.  The  comer  nodes  are  defined  in  a 
counterdodcwise  direction  with  the  first  crnner  node  being  Nl.  The  sides  are  defined  in  a 
counterclockwise  direction.  The  first  side  starts  at  the  first  comer  node  and  ends  at  the 
second  comer  node.  The  third  side  starts  at  the  third  comer  node  and  ends  at  the  first 
comer  node.  The  shape  is  meant  to  be  aiq>roximately  triangular.  The  first  and  third  sides 
have  the  same  number  of  nodes,  NRING.  The  second  side  has  more  nodes,  2  *  (NRING  —1) 
—1.  The  total  number  of  nodes  is  2  *  (NRING  *  NRING  —1).  The  shape  is  composed  of  two 
regions.  The  first  region  starts  at  the  first  comer  and  extends  to  the  last  node  before  the 
second  and  third  omners.  The  remaining  region,  a  strip  along  the  second  side,  is  a  strip  of 
crossed  triangles.  The  node  numbering  is  also  done  in  two  regions.  The  first  region  is 
numbered  as  described  Saar  the  finur  sided  shape.  The  croesed  triangle  strip  along  the  second 
side  is  numbered  in  a  directian  generally  finm  cnmer  three  towards  comer  two.  The 
secondary  nodes  are  numbered  first  and  the  outside  primary  nodes  are  numbered  last.  The 
hi^iaat  numbered  node  is  comer  two. 
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9 


Idantificatioii  number  Cor  three  sided  shape  geoaietiy. 


N1  s  Number  of  the  first  node  of  the  three  sided  shape. 

NRING  >  Number  of  nodes  on  two  shorter  sides  of  shape  (Sides  1  and  3).  Must  be 

3  or  larger. 

IRFIX  m  Radial  restraint  <qjtion.  IflRFD^B  1,  all  nodes  on  the  axis  of  sjnnmetry 

are  restrained  radially.  Leave  blank  fiur  no  restraint 

RELAX  «  A  dimensionless  relaxation  distance  for  rearming,  defined  as  a  firaction  of 

a  cbaracteristic  grid  distance.  The  characteristic  distance  is  the  square 
root  of  the  area  of  the  smallest  element  in  the  rezone  region,  before 
rezoning.  All  nodes  must  move  less  than  this  for  the  rezoning  iterations 
to  discontinue.  Recommend  iising  RELAX  =  0.001  to  0.050. 

Comer  Node  Definition  Cards  (215, 2F10.0)  —  Three  cards  are  required,  one  for  each 

ccunernode.  The  first  comer  node  is  Nl.  The  other  two  nodes  are  defined  in 

counterclockwise  order. 

NOLD  s  The  old/deleted  node  to  use  for  coordinates.  Leave  blank  ifyou  do  not 

want  this  optkm. 

NGEN  «  The  previously  generated  xiew  node  to  use  fiir  coordinates.  The 

duplication  of  node  definitions  can  be  removed  by  the  merge  step.  Leave 
blank  if  you  do  not  want  thin  option. 

RCNR  -  a  R  coordinate  of  comer  node. 

ZCNR  a  Z  coordinate  of  comer  node. 

Note:  The  R  and  Z  coordinates  are  not  needed  when  either  the  NOLD  or 
NGEN  optkm  is  used. 

Side  Option  Card  (316)  —  The  dioice  of  five  options  (0, 1, 2, 3, 4)  for  each  of  the  three 

sides  (ISl,  IS2,  IS3)  is  given. 
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>  0  equally  space  the  side  nodes  on  a  straii^t  line 
bet^roen  the  corner  nodes. 


s  1  equally  space  the  side  nodes  on  the  edge  of  the  deleted 

region.  If  the  comer  nodes  are  not  already  defined  as  old/deleted 
nodes  on  the  edge,  then  the  comer  node  (whose  coordinates  were  input ' 
as  RCNR  and  ZCNR)  is  moved  to  the  doeest  did/deleted  edge  node. 

s  2  Tllfill  position  the  side  nodes  at  coordinates  given  on  the  following  Side 
Node  Coordinate  Cards. 

s  3  Will  place  the  side  nodes  at  the  coordinates  of  the  old/deleted  nodes 
given  on  the  following  Old  Side  Nodes  Cards. 

=  4  Will  place  the  side  nodes  at  the  same  coordinates  as  the  previously 
generated  new  nodes  given  an  the  following  Generated  Side  Nodes 
Cards. 

Note:  For  side  options  2, 3,  and  4,  an  additional  card  (or  cards)  is 
required  to  define  side  coordinates  and/or  side  node  numbers.  The  side  1 
option  should  be  input  first  (if  needed),  followed  by  sides  2, 3,  and  4. 

Side  Node  Coordiiute  Card»— Aa  Required  (8F10.0)  These  cards  must  be  input  in 

counterclockwise  order. 

R1...RN  «  R  coordinates  of  the  border  nodes  on  the  side.  (Do  not  include  comer 

nodes.)  One  or  more  cards  as  necessary. 

Z1...ZN  s  Z  coordinates  of  the  border  nodes  on  the  side.  (Do  not  include  comer 

nodes.)  One  or  more  cards  as  necessary. 

Old  Side  Nodes  Carde-'-As  Required  (1615)  —  These  cards  must  be  input  in  a 

'XTunterdockwise  order. 

N01...N0N  s  Node  numbers  of  old/deleted  nodes  where  side  nodes  are  to  be  placed. 

(Do  not  include  comer  nodes.)  Oire  or  more  cards  as  necessary. 


s 
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Geiwnited  Side  Nodes  Cards— As  Required  (1615)  —  These  cards  must  be  input  in 
oounterdockwise  order. 

NG1..JY(jN  «  Node  numbers  of  previously  generated  new  nodes  where  the  side  nodes 
axe  to  be  placed.  (Do  not  include  comer  nodes.)  One  or  more  cards  as 
necessary. 

Regrid  Line  of  Nodes  Card  (415, 2X,  311, 15)  —  Two  cards  are  required  if  a  single  node  is 
to  be  generated  and  thxee  or  more  cards  are  required  for  more  than  one  node.  The  nodes 
may  be  numbered  consecutively  or  incremented  by  INC.  New  nodes  can  be  generated  using 
the  coordinates  of  old/deleted  nodes. 

10  s  Identification  number  for  regrid  line  of  nodes  geometry. 

N1  s  Niunber  of  the  first  node. 

NN  s  Niunber  of  the  last  node  of  the  line.  Leave  blank  if  a  single  node  is  to  be 

generated. 

INC  s  Node  number  increment  between  corresponding  nodes.  Leave  blank  for 

consecutive  niunbering  or  if  a  single  node  is  to  be  generated. 

IR  3  Radial  restraint.  IfIR=l,  all  nodes  will  be  restrained  in  the  radial 

direction.  Leave  blank  for  no  restraint 

IT  s  Theta  restraint  If  FT  s  1,  all  nodes  will  be  restrained  in  the  6  direction. 

Leave  blank  for  no  restraint 

IZ  =  Axial  restraint.  If  IZ  «  1,  all  nodes  will  be  restrained  in  the  axial 

direction.  Leave  blank  for  no  restraint 

ISl  Used  only  when  more  than  two  nodes  are  generated. 

3  0  Will  equally  space  the  side  nodes  on  a  straight  line  between  the  comer 
nodes. 

3  1  Will  equally  space  the  side  nodes  on  the  edge  of  the  deleted  region.  If 
the  comer  nodes  are  not  already  defined  as  old/deleted  nodes  on  the 
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edge,  then  the  corner  node  (whoee  coordixiatee  were  input  as  RCi^ 
and  ZCNR)  is  moved  to  the  doeest  old/deleted  edge  node. 


>  2  Will  poeition  the  aide  nodes  at  coordinatee  given  on  the  fi>Uowing  Side 
Node  Coordinate  Cards. 

s  3  Will  place  the  side  nodes  at  the  coordinates  of  the  old/deleted  nodes 
given  on  the  following  Old  Side  Nodes  Cards. 

B  4  Will  {dace  the  side  nodes  at  the  same  coordinates  as  the  previously 
generated  new  nodes  given  on  the  fidlowing  Generated  Side  Nodes 
Cards. 

Note:  For  side  options  2, 3,  and  4,  an  additional  card  (or  cards)  is 
required  to  define  side  coordinates  and/or  side  node  numbers.  Tlie 
side  1  option  should  be  input  first  (if  needed),  followed  by  sides  2, 3, 
and  4. 

Comer  Node  Definition  Cards  (215, 2F10.0)  —  One  comer  card  required  for  single  node 

generation  and  two  comer  cards  required  for  two  or  more  nodes  generated. 

NOLD  s  The  old/deleted  node  to  use  for  coordinates.  Leave  blank  if  you  do  not 

want  this  option. 

NGEN  =  The  previously  generated  new  node  to  use  for  coordinates.  The 

duplication  of  node  definitions  can  be  removed  by  the  merge  step.  Leave 
blank  if  you  do  not  want  this  option. 

RCNR  s  R  coordinate  of  comer  node. 

ZCNR  s  Z  coordinate  of  comer  node. 

Note:  The  R  and  Z  coordinates  are  not  needed  when  either  the  NOLD  or 
NGEN  option  is  used. 

Side  Node  Coordinate  Cards-^Aa  Required  (8F10.0)  —  Required  only  when  generating 

three  or  more  nodes  and  ISl  «  2. 
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Itl...SN  «  R  coordinates  of  the  border  nodes  on  the  side.  (Do  not  include  comer 

nodes.)  One  or  more  cards  as  necessary. 

Z1...ZN  s  Z  coordinates  of  the  border  nodes  on  the  side.  (Do  not  include  comer 

nodes.)  One  or  more  cards  as  necessary. 

Old  Side  Nodes  Cards-^As  Required  (1615)  —  Required  only  when  generating  three  or 
more  nodes  and  ISl  s  3. 

NOl..J^ON  «  Node  numbers  of  old/deleted  nodes  where  side  nodes  are  to  be  placed. 

One  or  more  cards  as  necessary. 

Generated  Side  Nodes  Cards— As  Required  (1615)  —  Required  only  when  generating 
three  or  more  nodes  and  ISl  =  4. 

NG1...NGN  s  Node  numbers  of  previously  generated  new  nodes  where  the  side  nodes 
are  to  be  placed.  Oae  or  more  cards  as  necessary. 

b.  Element  Geometry 

The  new  element  data  will  generally  be  input  with  the  new  grid  generators  in  Figure 
27.  The  standard  grid  generators  used  in  the  Preprocessor  can  also  be  used  for  rezoning. 
The  element  data  must  be  input  in  a  manner  consistent  with  the  previously  input  node 
data.  A  description  of  the  new  element  input  data  is  given  in  Figure  11. 

Four  Sided  Shape  Element  Description  Card  (515)  —  One  card  is  required  for  each 
four-sided  shape,  as  shown  in  Figure  27.  The  elements  are  niimbered  consecutively, 
beginning  with  the  layer  along  side  4  (from  comer  1  to  comer  4),  and  ending  with  the  layer 
along  side  2  (from  comer  2  to  comer  3).  The  number  of  elements  generated  is 
4*NCOL*NLAY. 

8  s  Identification  number  for  four-sided  shape  geometry. 

MATL  =  Material  number  for  the  elements.  Must  be  identical  to  the  deleted 

material. 


N1 


=  Number  of  first  node  in  four-sided  shape. 


NCOL  B  Number  ofcolumnsofcomposite  elements  (four  crossed  triangles)  along 

sides  2  and  4. 

NLAY  *  Number  oflayersofoomposite  elements  (four  crossed  triani^es)  along 

sides  1  and  3. 

Three  SiM  Shape  Element  Description  Card  (415)  —  One  card  is  required  for  each 
three  sided  shape,  as  shown  in  Figure  27.  The  element  numbering  follows  the  pattern  of 
T»nA»  numbering.  The  first  region  is  numbered  first  and  the  strip  along  the  second  side  is 
numbered  fitun  the  third  comer  towards  the  second  comer.  Tlie  number  of  elements 
generated  is  4  *  (NRCOL  *  NRCOL  -1). 

9  E  Identification  number  for  three  sided  shape  geometry. 

MATL  =  Material  number  for  the  elements.  Must  be  identical  to  the  deleted 

material. 

N1  =  Number  of  first  node  in  three  sided  shape. 

NCOL  s  Number  of  composite  elements  (four  crossed  triangles)  along  sides  one 

and  three. 

Transition  Elements  Description  Card  (1615)  —  One  card  is  required  for  each  group  of 
transition  elements,  as  shown  in  Figure  27.  The  group  has  a  central  node  and  firom  3  to  13 
elements  around  the  central  node. 

10  s  Identification  number  for  transition  geometry. 

MATL  -  Materiel  ntunber  for  the  elements.  Must  be  identical  to  the  deleted 

material. 

N1  s  Number  of  the  central  node. 

N2...N14  s  Numbers  of  the  perimeter  nodes.  At  least  three  nodes  must  be  given. 

The  order  of  the  nodes  must  be  counterclockwise.  Newly  generated 
nodes  and  old  (undeleted)  nodes  may  be  used. 


Tl4280b 


198 


5.  MTERACnVE  BATCH  OPTION 


This  option  allows  the  user  to  see  how  a  run  is  progressing,  and  to  terminate  the  run 
with  a  restart  file  written,  if  desired.  At  the  end  of  each  qrde,  EPIC  Aecks  to  see  if  a  file 
exists  on  IBIN.  If  no  file  exists,  the  next  cycle  is  started.  If  a  file  exists,  the  first 

line  is  read  and,  if  a  oonunand  is  recognised,  the  cmnmand  is  actuated.  The  file  is  deleted 
after  reading.  Commands  miut  start  in  column  1  and  be  given  exactly  as  shown.  The  six 
omnmands  (CYCLE,  STOP,  SAVE,  SAVEl,  SAVE2,  SAVES)  are  as  follows: 

CYCLE  s  Print  the  current  cyde  line  on  channel  IBOUT. 

STOP  s  Stop  EPIC  by  printing  and  saving  as  requested  on  current  Data  Ou^t 

Card. 

SAVE  s  Write  to  the  restart  file  IKESIN  and  print  the  current  cycle  line  on 

channel  IBOUT. 

SAVEl  =  Same  as  SAVE. 

SAVE2  s  Write  to  the  restart  file  IRESOT  and  print  the  current  cycle  line  on 

channel  IBOUT. 

SAVES  s  Write  results  to  a  file  named  EiI^.KES,  opened  on  channel  IRESOS  and 

dosed  immediately  after  writing.  In  the  file  name,  i »  PCASE  on  the 
Prep  Miscellaneous  Card  and  j  is  an  index  count  for  each  set  (PATRAN 
and/or  restart)  of  output  files  requested. 

6.  INSTALLATION,  STRUCTURE,  AND  COMPUTER/GRAPHICS  DEPENDENaES 

A  series  of  makefiles  and  scripts  have  been  created  to  aid  in  the  installation  of  EPIC 
Research.  These  files  are  shipped  with  the  distribution  tape  and  carry  file  extension  which 
designates  the  computer  upon  which  they  run:  *.sgi,  *.cry,  *.vax,  *.dum.  Creation  of  all 
executables  are  automated  within  these  prooediues.  Scripts  to  run  the  example  problems 
are  also  induded.  Please  note  that  each  file  will  require  modifications  before  execution  to 
locate  and  define  system  resources.  A  more  detailed  installation  description  is  located 
within  file  *INOTALLDOC”.  Please  refer  to  this  document  for  a  complete  description  of  the 
setup  procedure. 

The  subroutines  for  the  EPIC  Research  code  are  contained  in  several  files.  This  is  done 
to  allow  for  the  following  options: 


•  DilfereiitlVpesof  Runs 

-  Preprocessor  and/or  Main  Routme  with  Dynamic  Plots 

-  Preprocessor  and/or  Main  Routine  without  Dynamic  Plots 

-  Main  Routine  fisr  EPIC-CTH  link  (without  Dynamic  Plots) 

-  Postprocessor  State  Hots 

-  PPs^mocessor  Time  Plots 

-  IRIS  Explorer  Postprocessor  State  Plots 

•  Different  Computers 

-  VAX 

-  CRAY 

-  SGI 

-  Other 

•  Different  Graphics 

-  CALCOMP 

-  DISSPLA 

-  PLOTIO 

-  miSGL 

-  DGL  (where  available  for  non-SGI  computers) 

-  RSCORS  (not  available  for  dynamic  plots) 

-  Other. 

The  following  shows  which  files  of  subroutines  are  required  for  the  different  types  of 
runs: 


•  Preprocessor  and/or  Main  Routine  with  Dynamic  Plots 

-  epicl.f  and  epic2.f  and  epic3.f  and  epic4.f  and  epic5.f 

-  subs.f 

-  pldynm.f 

-  plstube.f 

-  vax.f  or  cray.f  or  8gi.f  or  dummy.f 

-  calcmp.f  or  displa.f  or  plotlO.f  or  irisgLf  or  pdummy.f 

•  Preprocessor  and/or  Main  Routine  without  Dynamic  Plots 

-  epicl.f  and  epic2.f  and  epicS.f  and  epic4.f  and  epic5.f 
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-  8ubs.f 

-  plttubs^ 

-  vax^orcray.for8gi.fordummy^ 

•  BoutiiM  for  ESPIC-GTH  (without  Dynamic  Plots) 

-  lepcth^ 

-  epcl^  and  epiG2.f  and  epicS-f  and  epic4.f  and  epic5.f 

-  subs^ 

-  plsub6.f 

-  vax.forcray.for8gi.for  dummy^ 

•  Postprocessor  State  Plots 

-  postl.f 

-  8ub8.f 

-  plstatf 

-  pl81lb8.f 

-  vax.for  cray.for  8gLf  or  dummy i* 

-  calcmp.f  or  di8pla.f  or  plotlO.f  or  iris^f  or  rsoors-f  or  pdummy.f 

•  Postprocessor  Time  Plots 

-  P08t2.f 

-  8ub8.f 

-  yaz.f  orcray.for  8gi.for  dummy.f 

-  calcmp.f  or  di8pla.f  or  plotl0.f  or  irisgLf  or  r8Cors.f  or  pdummy.f 

•  IRIS  Explorer  Postprocessor  State  Plots 

-  Read  EPIC.* 

-  8gi.f 

-  sube.f 

The  EPIC  Research  code  is  written  in  FORTRAN  77  and  is  generally  compatihle  with 
most  computers.  There  are,  however,  some  specific  computer  dependencies.  Thevax.f 
cray.f,  and  sgif  files  are  for  VAX.  CRAY,  and  SGI  computers,  respectively.  The  dummyJT 
file  cnnfaiina  code  which  has  the  best  chance  of  woridng  on  all  computers.  Each  fite  contains 
difEsruit  versions  of  the  same  subroutines.  Subroutine  CPCLCK  should  return  the  amount 
of  time  used  by  the  central  processor  on  this  problem.  The  DUMMY  version  alwiqrs  returns 
a  sero  to  avoid  a  madiine  dependent  clock  call  Subroutine  DATTTM  should  return  the 
current  date  and  time  in  a  format  suitable  for  PATRAN  data  files.  The  DUMMY  versitm 
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alw«]p«  ntums  01*JAN>95  OOKMKX).  The  remaining  eubroutinee  have  names  starting  with 
a  Q  and  open  various  files.  The  subroutines  QBIN  and  QBOUT  open  the  input  and  ou^t 
files  used  in  the  interactive  batdi  option.  The  VAX  version  does  not  use  file  names  because 
it  is  prefiurred  to  use  job  control  cards  to  set  up  the  file  names.  The  CRAY  version  uses  a 
file  name  because  predefined  file  names  are  ineferred.  The  remaining  Q  subroutines  have 
similar  difTerences  whidi  should  be  obvious  firom  comments  in  the  code. 

The  subroutines  QRESIN  and  QRESOT  have  a  special  requirement  These  subroutines 
open  the  restart  input  and  ou^t  files.  These  files  are  unfimnatted  and  therefore  machine 
dependent  Some  machines  like  the  CRAY  do  not  aUow  a  winrimnni  record  length  to  be 
specified,  while  other  machines  like  the  VAX  require  the  specification  of  a  iw»»iiwiini  record 
length.  When  the  maximum  record  site  can  be  specified,  the  best  efficiency  is  usually 
obtained  by  specifying  the  largest  record  that  the  system  can  handle.  This  situation  is 
handled  by  modifying  the  subroutine  ESNVIRO,  found  in  the  system>specific  files.  The  value 
of  MXRSZ  should  be  0  (zero)  when  the  maximum  record  size  is  not  specified,  and  equal  to 
the  maximum  record  size  when  the  size  is  specified.  The  value  of  NUPV  should  be  the 
number  of  record  size  units  per  variable.  The  VAX  uses  units  of  words  for  the  record  size. 
Each  VAX  sinfl^e  precision  variable  uses  one  wctrd  so  for  the  VAX,  NUPV  «  1.  The  variables 
MXRSZ  and  NUPV  are  used  by  subroutine  SAVE  to  divide  large  amounts  of  data  into 
pieces  that  the  machine  can  handle. 

There  are  also  some  graphics  dependencies.  The  postprocessors  for  State  Plots  (POST!) 
and  Time  Plots  (POST2)  provide  graphios  capabilities  using  of  six  available  plotting 

packages:  CALCOMP,  PLOTIO,  DISSPLA,  RSCORS.  DUS  GL,  and  DGL.  The  latter  four 
interfaces  are  implemented  by  tniminlring  the  CALCOMP  subroutine  with 
PLOnODISSPLA/RSCORS/IRIS  GL/DGL  routines.  Thoufj^  thin  method  does  not  talc« 
advantage  of  certain  PLOTIO/DISSPLA/RSCORS/IRIS  GlVDGL  features,  it  leaves  POST! 
and  POST2  essentially  unchanged.  Equally  important,  it  provides  a  consistent  approach 
for  incorporating  new  graphics  libraries. 

The  addition  of  the  PLOTKVDISSPLA/RSCORS/IRIS  GIVDGL  interfaces  introduces 
certain  system  dependencies  into  the  code.  Principal  among  them  is  the  nominatinn  of 
available  devices  (terminals,  printers,  plotters,  et&)  for  output  Choosing  a  device  is 
acGompUriied  within  subroutine  PLOTS.  Each  plot  package  requires  a  slightly  different 
device  nomination  syntax  and  oominle/link  sequence. 

One  non>portaUe  subroutine,  ISBTCH,  is  also  included  with  the  interfeoes.  ISBTCH  is 
a  logical  function  which  returns  TRUE  if  the  current  process  is  executing  in  batch  mode. 
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It*  porpoM  is  to  prsvent  a  device  aelectioD  which  is  incompatihle  with  the  run-tixne 
environment  (Le.,  nominating  a  terminal  device  in  batch  mode).  Currently,  only  vaz.f  has  a 
fhnctinning  ISBTCH  routine.  All  other  versions  return  FALSE,  regardless  ofthe  state  of 
theprocess.  The  fimction  should  be  modified  only  if  this  increased  functionality  is 
warranted. 

The  DISSPLAgraidiicslibraiy  will  allow  run-time  nomination  of  devices.  FigureSO 
lists  the  “d^ulf*  device  map  currently  available.  Subroutine  PLOTS  may  need  to  be 
modified  to  be  consistent  with  the  devices  mmilahle  at  the  user's  fhcility.  Contact  your 
system  administrator  for  a  complete  list  of  DISSPLA  supported  devices  at  a  specific  focility. 

Unlike  DISSPLA,  the  PLOTIO  graifoics  library  will  allow  only  compile-time  nomination 
ofdevices.  That  is,  a  sin|^  device  is  linked  to  each  program.  This  requires  a  different 
executable  for  each  device.  It  can  be  seen  fium  Figure  30,  for  instance,  that  each  family  of 
Tektronix  terminals  (TEK4QXX,  TEK41XX,  TEK42XX)  requires  a  different  li«lr  module 
Qabeled  as  DR4(tXX,  DI141XX,  DR42XX).  No  modifications  to  PLOTS  are  required. 

Tektronix  terminals  allow  graphics  objects  to  be  treated  and  stored  as  a  single  entity- 
a  segment  In  the  PLOTIO  interface,  each  graph  produced  is  saved  in  segment  number  N, 
where  N  runs  from  one  to  the  number  of  pfots  produced.  When  the  program  exits,  these 
segments  remain  in  the  terminal's  buffer  and  can  be  moved,  copied,  rotated,  scaled,  and 
printed  as  needed. 

The  CALOOMP  package  supports  a  sin^  devic»~a  CALOOMP  plotter.  Hence,  no 
modifications  to  PLOTS  are  required. 

As  with  the  CALCOMP  inter&ce,  only  one  device  is  supported  in  the  IRIS  GL  package. 
The  GL  interface  was  written  and  tested  on  a  S10/VC2C  woriutation  running  IRIS  4.0. 
Compatibility  across  other  SGI  architectures  and  tolerating  systmns  has  not  been 
established. 

The  IRIS  GL  interface  supports  multiple  windows  for  both  static  and  dynamic  jdots.  A 
separate  window  is  created  for  each  plot  contained  in  the  post-processing  data  file. 

Windows  may  be  resixed,  konified,  moved,  and  dosed  as  needed.  limited  rooming  is 
availaUe  by  pressing  the  X  and  Z  keys.  Each  keystroke  produces  a  5  percent 
reduction/enlargenmnt,  respectively,  of  the  displayed  image.  Panning  is  accomidished  by 
pressing  the  left,  rigd^t,  up,  and  down  arrow  keys.  Each  keystroke  here  produces  a 
fractional  shift  of  the  axis  in  the  direction  indicated.  All  windows  events  are  processed 
immediately  after  an  image  is  disidayed  and,  for  dynamic  plots,  at  the  end  of  every  cyde. 
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Status  infimnation  finr  any  IRIS  GL  graph  can  be  obtained  by  right-mousing  on  the 
window.  This  produces  a  submenu  of  window  options.  Translation  and  scaling  resets  can 
be  accomplished  by  selecting  the  appropriate  menu  choioe.  Graph  axis,  scale,  translation, 
labels,  and  header  information  can  be  displayed  by  selecting  the  *Get  info . . .”  option. 

The  Distributed  Graidiics  Library  (DGL)  has  also  been  incorporated.  This  protocol 
aUows  users  to  connect  to  a  remote  machine  to  do  simulations,  yet  display  the  results  on 
their  local  SGI  woricstation. 

To  establish  a  distributed  connection,  the  DGL  protocol  must  be  fidlowed.  The 
connection  rules  are  described  on  page  19-3  of  the  Graphics  Library  Programmers  Guide. 
Prior  to  running  EPICS/P08T,  the  user  must  set  either  DGLSERVER  or 
REMOTEHOST/REMOTEUSER  environment  variables.  This  is  accomplished  with  the 
following  commands: 

setenv  DGLSERVER  IPName 
or 

Mtmv  RE3dOTEHOST  IPNsme 

Mtenv  REMOTEUSER  UMrNsme 

Where  IPName  is  the  fully  qualified  IP  server  name  (e.g.,  um5.e|^.af.mil)  of  your 
LOCAL  machine.  If  your  user  name  is  different  on  the  two  systems,  you  wUl  be  required  to 
set  environment  variable  REMOTEUSER  to  your  local  user  name.  Otherwise,  your  current 
user  name  is  used  for  the  connection.  A  local  connection  is  established  if  no  environment 
variables  are  defined. 

To  remove  the  necessity  of  choosing  a  particular  device  during  program  execution,  the 
RSCORS  interface  is  implemented  in  the  poet-processing  mode.  As  a  result,  both  POSTl 
and  POST2  write  plot  information  to  an  intermediate  plot  file,  TISCORSPLT.”  This  file 
can  then  be  displayed  on  a  particular  device  using  one  ot  the  available  poet  option 
processing  (POP)  programs  supplied  with  the  RSCORS  graphics  library.  The  interface  was 
written  and  tested  under  RSCORS  version  3.05. 

Delaying  device  nomination  introduces  certain  limitatians  into  the  RSCORS  interfoce  as 
much  of  the  post  processing  is  removed  from  POSTl  and  POST2.  First  am<mg  these  is  the 
choioe  of  a  color  table.  The  X-Windows  interface  (POFXll)  builds  the  odor  table  based  on 
system  defaults,  regardless  d*  the  cdor  table  defined  in  POSTl.  The  Tektronix  drivers 
(POPTK4,  POPT06,  POPT15),  conversely,  allow  up  to  eig^t  user-defined  colors.  Hence,  the 
current  implementation  is  limited  to  the  first  eight  colors  of  Figure  31.  Additional  colors 


may  be  added  by  modifying  die  POP  processors  as  needed  and  increasing  variable  MAXCLR 
iwidun  include  file  "RSCRS 

One  final  limitation  exists  as  a  result  of  POP  procesang.  Certain  di^lay  devices  permit 
hardware  fills  of  polygons,  while  others  rdy  on  software  to  complete  the  qieration.  The 
RSCORS  grafdiics  library  requires  that  this  duMce  be  made  during  program  execution.  The 
RSCORS  interface  definilts  to  software  fills  for  die  greatest  compatibility  amtmg  different 
devices.  To  increase  clarity  and  drawing  qieed  fix'  terminals  capable  of  hardware  fills,  the  user 
mqr  wish  to  modify  the  call  in  subroutine  PLOTS  from  POLYCS(0)  to  POLYCS(-l). 

The  PDUMMY.FOR  subroutines  allow  die  Posqirocessors  to  run  without  gnqdiics  capability. 
This  can  be  used  to  generate  ASCII  files  udiich  are  portable  between  differoit  computers.  See 
descriptions  for  the  PATRAN  Output  File  Card  in  the  State  Plots  Postyrocesscx,  as  well  as  the 
PATRAN  File  Generation  Cards  and  the  File  Manipulati(»  Cards  in  die  Time  Plots 
Postprocessor. 

A  partial  hierarchy  chart  of  subroutines  is  shown  in  Figure  32. 


7.  RLE  DESIGNATIONS 


There  are  many  files  required  for  the  various  options  in  the  EPIC  Research  code.  The 

qwdfic  file  designatiaas  are  as  fdlows.  These  designations  will  be  dianged  when  running 

linked  EPIC-CIH  computatioiis 

INPl  1  Input  file  for  dynamic  state  plms  and  POSTl  (file  name  for  CRAY  is 

postl.in). 

INP2  »  2  Input  file  fix' dynamic  time-histoiy  plots  and  POST2  (file  name  for  CRAY 

is  post2.in). 

NSURF  >>  3  Temp<xaiy  storage  f(X  Main  Routine. 

nPASC  »  3  Text  file  (Input  and  Output)  fix  Time  Plot  Postprocessor. 

IN  =  4  Input  file  (file  name  for  CRAY  is  epic.in). 

lOUT  -  6  OuqMit  file  (file  names  for  CRAY  are  epic.out  for  EPIC,  postl  .out  for 

POSTl,  and  post2.out  for  POST2). 

nPLIN  -  7  Restaitable  plot  file  for  time  plots,  which  is  read  by  the  Main  Routine,  and 

the  time  plot  postprocessOT,  POST2  (file  name  for  CRAY  is  epic.qii). 

nPLOT  =  8  Plot  file  for  time  plots  written  by  the  Main  Routine  (file  name  for  CRAY  is 
epic.tpo). 

IRESIN  9  Restart  file  read  by  the  Main  Routine.  Can  also  write  to  this  file  with 

SAVE  «  1  option  (file  name  fix  CRAY  is  epic.ies). 

IRESOT  -  10  Restart  file  generated  by  tiie  Main  Routine  with  SAVE  =  2  option  (file 
name  for  CRAY  is  epic.rst). 

IRES03  «  12  Restart  file  generated  by  the  Main  Routine  with  SAVE  =  3  optirni. 
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FIgura  32.  PaitW  Hlaraicliy  Chart  for  EMC  Raaaarch 


INDAPl 


INDAP2 

INDATA 

miN 

mouT 

MPATOT 

NPATOT 

LPATOT 

INPAT 


»  13  Input  file  from  INPl  with  comments  removed. 

*  14  Input  file  from  INP2  with  cmnments  removed. 

*  15  Input  file  widi  comments  removed. 

«=  16  Interactive  batdi  input  read  by  die  Main  Routine  (file  name  for  CRAY 
qMc.bin). 

»  17  Interactive  batdi  output  (file  name  for  CRAY  is  epic.cyc). 

»  19  PATRAN  Model  file  input  and  output. 

=  20  PATRAN  Node  file  input  and  output 
»  21  PATRAN  Element  file  injmt  and  output. 

=  30  PATRAN  file  used  by  the  EPIC  Preprocessw  (file  name  for  CRAY  is 
epic.pin). 


(Constant) 


32  CALCOMP  picture  file  out. 


8.  MSTRUCnONS  FOR  CHANGING  PROGRAM  DIMENSIONS 


The  Himurirtna  of  the  Prefnooessor  and  Main  Routine  can  be  changed  by 
wMtim<in«i«ning  the  arrays  in  common  blocks  NODE,  ELEMNT,  ELEMNQ,  MISC2  and 
S1JD5C.  An  explanation  of  the  variable  names  is  given  in  BLOCK  DATA  INTTAL.  Some 
additional  comments  are  as  follows: 

•  The  elemoat  blodc  size  (MXLB)  and  the  node  block  size  (MXNB)  can  significantly 
afbct  the  CPU  time.  The  users  should  determine  the  optimum  block  sizes  fin:  their 
specific  computers.  Generally,  a  larger  block  size  (MXLB  =  MXNB  2 1024)  is  desirable 
fbr  Cray  and  other  large  vectorizing  computers.  For  work  stations,  however,  a  smaller 
block  size  (MXLB  s  bfSNB  s  128)  may  be  more  (q>timum  because  it  will  keep  the 
primary  computations  in  cache  memory  for  faster  execution. 

•  IfnoRLXl  materials  are  used,  the  eleven  arrays  in  ELEMNQ  may  be  set  to  the 
minimiiiw  gize  MXLQ  a  1. 

•  If  RDG  materials  are  used,  the  eleven  arrays  in  ELEMNQ  may  be  set  to  the  maximum 
number  of  elements  MXLQ  =  MXL.  MXLQ  can  be  made  smaller  but  must  be  at  least 
as  large  as  the  largest  element  number  of  elements  iising  an  RDG  material. 

•  If  sliding  for  parallel  computers  (SEEK  ■  5  on  the  Sliding  Interface  Identification 
Card)  is  not  used  then  the  parameters  in  file  SUDSC  may  be  set  to  1. 

•  When  sliding  for  parallel  computers  is  used  then  uncomment  the  full  usage  line  in  file 
SUDSC  and  comment  out  the  *not  used”  line. 


9.  EXAMPLE  PROBLEMS 


Some  recent  abdications,  the  EPIC  code,  are  provided  in  Refisrences  34-37.  This 

subsection  wuntwiiia  input  data  and  computed  results  for  the  following  example  problems. 

•  Example  1  —  ID  Bar  Impact 

•  Examples  —  C:^der  Impact 

•  Example  3  —  2D  Perforation  with  Erosion 

•  Example  4  —  3D  Perforation  with  Eroeion 

It  should  be  noted  that  the  input  data  for  the  3D  example  uses  DP3  =  0,  which  does  not 
provide  double  precision  for  the  volume  computations  and  some  of  the  sliding  interface 
computations.  For  32-bit  computers,  it  may  be  necessary  to  use  DP3  s  1  for  some 
problems.  For  64-bit  computers,  however,  double  precision  is  not  necessary  and  DP3  »  0 
should  be  used. 
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ZAX6 

Figure  33.  Example  1:  ID  Bar  Impact 


$  RESBMICH  EP2C  EXAMPLE  1  -  ID  NAVE  PROPAQATICEI 

$ 

$TyPE  CASE - DESCRIPTION. OP. PROBLEM . . . 

2  1  EXAMPLE  1  -  ID  NAVE  PROPAGATZCBI 

SGBOH  PRNT  SAVE  NSLD  NMAS  NRST  NRZO  NCHX  NOCK  SCATpcRTZ  SPLT  DP3  DNIT/////  PER 
10110000  001000  0  0  0 
SMATL  0  DAM  FAIL  DFRC  EFAL  aolids  frofo  library 

1  0  1  0  1.0  999.  SLZBRARY  COPPER 

4  0  1  0  1.0  999.  SLIBRARY  ARMCO  IRON 

$  BLANK  FOR  END  OF  MATERIALS 
$  PROJECTILE  NODES 


$ 

X/RSCALE  YSCALE 

ZSCALE 

X/RSHIFT 

ZSHIFT 

ROTATE 

SLANT  X/RO 

ZO 

1.0 

1.0 

1.0 

. 

$ 

LINE  OF  NODES 

$ 

1NNODE//RTZ///////////////////////// 

N1 

INC 

EXPAND 

1  21  000 

1 

1 

1.0 

$ 

X/Rl 

Y1 

Z1 

X/RN 

YN 

ZN 

0.0 

0.0 

1.0 

0.0 

0.0 

2.0 

$  BLANK  FOR 

END 

OF  PROJECTILE  NODES 

$ 

TARGET  NODES 

$ 

X/RSCALE  YSCALE 

ZSCALE 

X/RSHIFT 

ZSHIFT 

ROTATE 

SLANT  X/RO 

ZO 

1.0 

1.0 

1.0 

$ 

LINE  OF  NODES 

$ 

1NNODE//RTZ///////////////////////// 

N1 

INC 

EXPAND 

1  141  000 

SI 

1 

1.0 

$ 

X/Rl 

Y1 

Z1 

X/RN 

YN 

ZN 

0.0 

0.0 

2.0 

0.0 

0.0 

9.0 

$  BLANK  FOR 

END 

OF  TARGET 

NODES 

$ 

PROJECTILE  ELEMENTS 

$ 

1  MATLNCOMP 

N1 

N2  N3 

N4  NS 

N£ 

N7 

N8  INC  SHEL///// 

T/A 

1  1  20 

21 

20 

-1 

0 

$  BLANK  FOR  END  OF  PROJECTILE  ELEMENTS 
$  TARGET  ELEMENTS 


$ 

1  MATLNCOMP  N1 

N2  N3 

M4  N5 

N6 

N7 

N8  INC  SHEL///// 

T/A 

1  4 

140  191 

190 

-1 

0 

$  BLANK  FOR  END 

OF  TARGET 

ELEMENTS 

$ 

SLIDE  LIME  1 

$ 

Ml  SI 
21  51 

$ 

X/RDET 

y^ST 

ZDET 

TBORN 

XGRAV 

YORAV 

ZGRAV 

0.0 

0.0 

0.0 

0.0 

$ 

PX/RDOT 

PY/TDOT 

PZDOT 

TX/RDOT 

TY/TDOT 

TZDOT 

DTI 

VFLD 

0.0 

0.0 

40000.0 

0.0 

0.0 

0.0 

.00000005 

0 

$CYCL///// 

TIME 

D7MAX 

DIMIN 

SSP 

TOAX 

CPNAX 

EMAX 

0 

0.000000 

1.0. 

000000001 

0.9 

0.000025 

$TPLT  DROP/////  PRES 

PDSH  KRG 

VFRACT 

$ 

SYS  NPLT 

LPLT  DPLT 

DTSYS 

TSYS 

DTNODE 

TNODE 

DTDYN 

TDYN 

1  0 

1  1 

0.000001 

0.0 

0.000001 

0.00 

.00000025 

0.0 

$ 

LI  L2 
50 

TIME 

L3  L4 

L5  L€ 

L7  LS 

L9 

LIO 

Lll  LI? 

L13  L14 

L15 

Lie 

$ 

ECHECK 

NCHECK 

RDAMP 

SAVE 

BURN 

YPRT  NDAT 

SLPR  PROJ 

PAT 

RZME 

0.000003 

1001.0 

0.0 

0.0 

1 

0 

0  1 

0.000015 

1001.0 

0.0 

0.0 

1 

0 

0  1 

1.000025 

1001.0 

0.0 

0.0 

1 

0 

0  1 

Figure  34.  Input  Data  for  Example  1 
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$  RBSBARCH  EPIC  EXAMPLE  2  -  CYLINDER  IMPACT 

$ 

$TYPE  CASE _ DESCRIPTION. OF. PR(»LEM . 

2  2  EXAMPLE  2  -  2D  CYLINDER  IMPACT  ONTO  A  RIGID  SURFACE 

SOEOM  PENT  SAVE  NSLD  NMAS  NRST  NRIO  NCHX  NOCX  SCATpcRTZ  SPLT  DP3  UNIT/////  PER 
601000000  02001  0  0  0 
$NATL  0  DAM  FAIL  DFRC  EFAL  solids  fron  library 

39  0  1  0  1.0  999.  $  LIBRARY  ARMCO  IRON 

$  BLANK  FOR  END  OF  MATERIALS 
$  PROJECTILE  NODES 

$  X/RSCALE  YSCALE  ZSCALE  X/RSHIFT  ZSHIFT  ROTATE  SLANT  X/RO  ZO 

1.0  1.0  1.0 

$  ROD  NODES 

$  2  NOR  NIR  NPUl  RAD  AX  CROS  JOIN  N1  NTOP  ZTOP  ZBOT  EXPAND 

2  5  0  34  1  0  1  0  1  0  1.0  0.0  1.0 

$  ROTOP  RITOP  ROBOT  RIBOT  (for  RAD-l) 

.15  0.0  .15  0.0 

$  BLANK  FOR  END  OF  PROJECTILE  NODES 
$  TARGET  MODES 

$  X/RSCALE  YSCALE  ZSCALE  X/RSHIFT  ZSHIFT  ROTATE  SLANT  X/RO  ZO 

1.0  1.0  1.0 

$  BLANK  FOR  END  OF  TARGET  NODES 
$  PROJECTILE  ELEMENTS 
$  ROD  ELEMENTS 

$  2  MATL  Ml  DIAG  NOER  NIER  NLAY  FULL  SHEL  PLAC  RZM  1234  THICK  RELAX 

2  39  1551  33  00 

$  BLANK  FOR  END  OF  PROJECTILE  ELEMENTS 
$  TARGET  ELEMENTS 

$  BLANK  FOR  END  OF  TARGET  ELEMENTS 


$  X/ROET 

YDET 

ZDET 

TBORN 

XGRAV 

YGRAV 

ZGRAV 

0.0 

0.0 

0.0 

0.0 

$  PX/RDOT 

PY/TDOT 

PZDOT 

TX/RDOT 

TY/TDOT 

TZDOT 

DTI 

VFLD 

0.0 

0.0 

•8000.0 

0.0 

0.0 

0.0 

.00000005 

0 

$CYCL///// 

TIME 

DTMAX 

DIMIN 

SSF 

TMAX 

CPMAX 

EMAX 

0 

0.000000 

1.0. 

000000001 

0.9 

0.000050 

$TPLT  DROP 

ADD  PRES 

POSH  HRG 

VFRACT 

$  SYS  NPLT 

LPLT  DPLT 

DTSYS 

TSYS 

DTNODE 

TNODE 

DTDYN 

TDYN 

1  1 

1  0 

0.000001 

0.000000 

0.0000001 

0.000000 

$  N1  N2 

N3  N4 

M5  N6 

N7  NS 

N9  NIO 

Nil  N12 

N13  N14 

N15 

N16 

$  LI  L2 

L3  L4 

L5  L6 

L7  L8 

L9  LIO 

Lll  L12 

L13  L14 

L15 

L16 

660 

$  TIME 

ECHECK 

NCHBCK 

RDAMP 

SAVE  BURN 

YPRT  NDAT 

SLPR  PROJ 

PAT 

RZNE 

0.000025 

1001.0 

0.0 

0.0 

1  0 

0  50 

1.000050 

1001.0 

0.0 

0.0 

1  0 

0  50 

Rgure  36.  Input  Data  for  Example  2 
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$  RESEARCH  EPIC  EXAMPLE  3  •  PROJECTILE  NORMAL  IMPACT  AMD  TARGET  PERFORATION 

$ 

STYPE  CASE _ DESCRIPTI(Rf.OF.PRC»LEM . 

3  3  EXAMPLE  3  -  3D  NORMAL  IMPACT  AND  PERFORATION 

SGEOM  PENT  SAVE  NSLD  MMAS  MRST  MRIO  NCHX  MOCK  SCATpcRTZ  SPLT  DP3  UNIT/////  PER 
€01300010  03  0000 

SMATL  0  DAM  FAIL  DFRC  EFAL  solids  from  library 

1  0  1  1  1.0  999.  $  COPPER  FROM  LIBRARY 

33  0  1  1  1.0  999.  $  €0€1-T€  ALDM  FROM  LIBRARY 

$  BLANK  FOR  END  OF  MATERIALS 
$  PROJECTILE  NOI»S 


$ 

X/RSCALE 

YSCALB 

ZSCALE 

X/RSHIFT 

ZSHIFT 

ROTATE 

SLANT  X/RO 

ZO 

1.0 

0.0 

1.0 

$ 

ROD  NODES 

$ 

3  NOR  NIR  NPLN 

RAD 

AX 

CROS  JOIN 

N1  MTOP 

ZTOP 

ZBOT 

EXPAND 

3  5 

0  17 

1 

0 

1  0 

1  0 

3.5 

0.5 

1.0 

$ 

ROTOP 

RITOP 

ROBOT 

RIBOT 

0.5 

0.0 

0.5 

0.0 

$ 

NOSE  NODES 

$ 

3  TYPE  NOR  NIR 

RAD 

AX 

CROS///// 

Nl///// 

ZTOP 

ZMIN 

3  3 

5  0 

1 

0 

1 

183 

0.5 

0.0001 

$ 

ROTOP 

RITOP 

0.5 

0.0 

$  BLANK 

FOR  END 

OF  PROJECTILE  NODES 

$ 

TARGET  MODES 

$ 

X/RSCALE 

YSCALE 

ZSCALE 

X/RSHIFT 

ZSHIFT 

ROTATE 

SLANT  X/RO 

ZO 

1.0 

0.0 

1.0 

$  FLAT  PLATE  NODES 
$  4  TYPE  NX/R  NY 

4  1  3€  0 

$MRND  MZMD  RPRT  ZPRT 

11  1€  .€35  1.0 


NZ 

1€ 


FIX 

1 

RMAX 

4.0 


CROS  JOIN 
1  0 
RMIN 
0.0 


N1 

350 


INC 

0 

ZMAX 

0.0 


X/REXP 

1.3 

ZMIM 

-1.5 


$  BLANK  FOR  END  OF  TARGET  NODES 
PROJECTILE  ELEMENTS 
ROD  ELEMENTS 

3  MATL  Ml  D1A6  MOER  NIER  NLAY  FULL  SHEL  PLAC  RZN  1334 

3  1  1  5  5  1  1€ 

NOSE  ELEMENTS 

3  NATL  Ml  DIAG  NOER  NIER  FULL  SHEL 

3  1  183  5  5  1 

$  BLANK  F(»  END  OF  PROJECTILE  ELEMENTS 
TARGET  ELEMENTS 
FLAT  PLATE  ELEMENTS 

4  NATL  N1  DIAO  TYPE  LX/R  NLY  NLZ  SHEL  PLAC  RZN  1334 

4  33  350  5  1  35  0  15 

$  BLANK  FOR  END  OF  TARGET  ELEMENTS 
SLIDE  LINE  1  (TARGET  MASTER,  PROJECTILE  SLAVE,  ERODING) 

NBOT  ISR  ITl  IT3  REF  VEL 
1015  010  100000. 


NMG 

NMN 

NSG 

NSN 

NSR 

TYPE 

1 

0 

1 

0 

0 

1 

MIG 

MNO 

INC 

350 

3€5 

1 

SIG 

SNG 

IRC 

1 

337 

1 

YEXP  ZEXP 

1.0  1.0 

THICK  RELAX 

THICK 

THICK  RELAX 

ERODE  FRICTION 
1.5  0.0 


Figure  38.  Input  Data  for  Exemple  3 
216 


/ 


$  SLZOB  LZia  2  (PROJSCTZLB  MURIX.  TMtOR  8XAVB,  BRODZIIO) 


t  MNO  BMI 

aso  asa 

aSR  TYPE 

KBOT  ZSR 

ITl  1T2 

REP  VBL 

ERODE 

FRICTIOa 

3  0 

0  0 

1  1 

0  0 

1  0 

100000. 

1.5 

0.0 

$  mo  NNO 

zac 

1  5 

1 

C  182 

11 

228  237 

1 

$  MAX 

RMZa 

XMXX 

ZMZN 

(SLAVE  BOX) 

1.2 

0.0 

0.0 

-1.6 

9  CBoax  caaoe 

$  aa  cm 

1  420 

$  X/VDKT 

YMT 

ZDBT 

TBORH 

XGRAV 

YORAV 

ZGRAV 

0.0 

0.0 

0.0 

0.0 

1  n/nm 

PY/TDOT 

PZDOT 

TX/RXX>T 

TY/TKJT 

TZDOT 

DTI 

VFLD 

0.0 

0.0 

-80000. 

0.0 

0.0 

0.0 

.00000005 

0 

9CKL///// 

TIME 

OTMMC 

DTMZa 

SSP 

1MAX 

CPMAX 

ENAX 

0 

0.000000 

1.0. 

.000000005 

0.9 

0.000060 

8TPLT  mov/////  PRES 

POSH  RRG 

VFRXCT 

1  0 

0  0 

0  0 

0.0 

8  SYS  NPLT 

LPLT  DPLT 

OTSYS 

TSYS 

DTNODE 

THODB 

DTDYN 

TDYN 

1  0 

0  0 

0.000002 

0.000000 

$  TIME 

ECRECK 

aCHBCK 

RDMfP 

SAVE  BORH  YPRT  HDAT 

SLPR  PROJ 

PAT  RZON 

0.000020 

1001. 

0.0 

0.0 

1  0 

0  50 

0.000040 

1001. 

0.0 

0.0 

1  0 

0  50 

I. 000000 

1001. 

0.0 

0.0 

1  0 

0  50 

R|^38.  kiput  Data  for  Example  3  (ConcliKled) 
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$  RISSARCH  me  nMfPLI  4  -  3D  PROJSCTXLE  (»I.XQOB  XMPACT  AMD  PERFORATXON 

$ 

STYPB  CASK _ l«SCiUmOM.OP.PIU»IJM . 

3  4  EXAMPLE  4  -  3D  (MLXOOB  XMPACT  AMD  PERPORATXQN 

$OIOH  PENT  SAVE  MSLD  MNAS  NEST  MEXO  MCKX  NOCK  8CAlt>cETZ  SPLT  DPS  XnfXT/////  PER 

001200010  04000  0  1  0 

SNAIL  0  DAM  FAIL  DFEC  EFAL  sollda  fron  library 

1  0  1  0  1.0  999.  SLXBEAEY  COPPER 

4  0  1  0  1.0  999.  SLXBEAEY  AKMCO  XRON 

S  BLAME  WOR  EMD  OP  NATERXALS 

S  PROJECTXLE  MODES 


S  X/RSCALE 

YSCALE 

ZSCALE 

X/RSHXFT 

ZSHXPT 

ROTATE 

SLANT  X/RO  ZO 

1.0 

S  Jiao  MODES 

1.0 

1.0 

0.0 

0.4 

-65. 

0.0 

0.0-.125 

S  2  Mt» 

MXR  MPLM 

RAD  AX 

CROS  JOXN 

Ml  NTOP 

ZTOP 

ZBOT 

EXPAND 

2  1  0  20 

S  ROTOP  RXTOP 

0.150  0.0 

$  NOSE  NODES 

1  0 
ROBOT 
0.150 

1  0 
RXBOT 
0.0 

1  0 
(for  RAD-1) 

3.00 

0.15 

1.0 

$  3  TYPE 

NOR  MXR 

RAD  AX  CROS///// 

Ml///// 

ZTOP 

ZMXN 

3  2 

$  ROTOP 

1  0 
RXTOP 

10  1 
(for  RAD-1) 

332 

0.15 

0.0 

0.150  0.0 


$  BLAME  POE  EMD  OF  PROJECTILE  MODES 
$  TARGET  MODES 


$ 

X/RSCALE  YSCALE 

ZSCALE 

X/RSHXFT 

ZSHXFT 

ROTATE 

SLANT  X/RO 

ZO 

1.0  1.0 

1.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

$ 

FLAT  PLATE  MOOES 

. 

$ 

4  TYPE  MX/R  NY 

NZ 

FXX 

CROS  JOXN 

Ml 

XMC 

X/REXP 

YEXP 

ZEXP 

4  3  29  0 

3 

1 

1  0 

SOI 

0 

1.5 

1.5 

1.0 

SMXND  NYMD  XPRT  YPRT 

XI 

Y1 

Z1 

XM 

YN 

ZM 

5  4  .233  .600 

-3.0 

0.0 

0.0 

3.0 

1.5 

0.25 

$  BLAME  FOR  END  OF  TARGET  MODES 
$  PROJECTXLE  ELEMENTS 
S  ROD  ELEMENTS 

S  2  MATL  Ml  DXAG  MOER  MXER  MLAY  POLL  SHEL  PLAC  RZN  1234  THXCE  RELAX 

2  1  1  5  1  1  19 

$  HOSE  ELEMENTS 

$  3  NATL  Ml  DXAG  MOER  MXER  POLL  SHEL  THXCE 

3  1  332  5  1  1 

S  BLAME  FOR  END  OP  PROJECTXLE  ELEMENTS 
$  TARGET  ELEMENTS 
$  PLAT  PLATE  ELEMENTS 

S  4  MATL  Ml  DXAG  TYPE  LX/R  MLY  MLZ  SHEL  PLAC  RZN  1234  THXCE  RELAX 

4  4  501  S  3  20  7  2 

$  BLAME  FOR  END  OP  TARGET  ELEMENTS 

S  SLIDE  LXME  1  (TARGET  MASTER,  PROJBCTXU  SLAVE,  ERODING) 


$ 

MMG 

SEEE 

MSG 

MSN 

MSB 

TYPE 

NBOT 

XSR 

XT///// 

REF  VEL 

ERODE 

FRICTION 

1 

4 

1 

0 

0 

1 

2603 

0 

1 

75000. 

1.5 

0.0 

$ 

1 

Ml 

DXAG 

MML 

MNH 

XDL 

XDN 

1 

506 

S 

17 

4 

1 

57 

S  SIG  SMG  XMC 
1  340  1 


Figure  40.  Input  Data  for  Exsmpls  4 


$  SLXOB  LXMB  2  (ntOJICTXIiB  MASTER,  TARGET 
$  KMO  SEEK  MSG  MSS  MSR  TYPE  MBOT  X8R 
14001100 
$  2  Ml  CODE  DXA0  NOR  NXR  NPI. 

2  34S  -1  5  1  0  20 

$  XMAX  XMXN  TMAX  TMXM 

1.0  -1.0  0.2  0.0 

$  CHOnC  CARDS 
$  CEl  CRM 

1  940 

$  X/R1»T  TDBT  2DET  TBORN 

0.0  0.0  0.0  0.0 

$  PX/RDOT  py/TDOT  P2D0T  TX/RDOT 

46029.  0.0  -21464.  0.0 

SCYCL/////  TIME  DTMAX  DIMXN 

0  0.0  1.0.000000001 

STPLT  DROP/////  PRES  POSH  HRG  VFRACT 

1 

$  SYS  NPLT  WLT  DPLT  DTSYS  TSYS 

1000  0.000001  0.000000 

$  TIME  ECHECK  NCREOC  RDAMF 

.000050  999.  75000.  0.0 

1.000100  999.  75000.  0.0 


SLAVE,  ERODING) 

XT/////  REF  VEL  ERODE  FRXCTXON 

1  75000.  1.5  0.0 


ZMAX  ZMXN  (SLAVE  BOX) 

0.0  -0.3 


XGRAV 

YGRAV 

2GRAV 

TY/TDOT 

TZDOT 

DTI 

VFLD 

0.0 

0.0 

0.0000001 

0 

SSF 

TMAX 

CPMAX 

BNAX 

0.7 

.000100 

DTNODE 

TNODE 

DTDYN 

TDYN 

SAVE  BORN 

YPRT  NDAT 

SLPR  PROJ 

PAT  RZNE 

1  0 

1  10 

1  0 

1  10 

Figure  40.  Input  Data  for  Example  4  (Concluded) 
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